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COURTSHIP  AND  ALLIED  PROBLEMS  IN 
INSECTS. 


By  G.  D.  Hale  Carpenter,  d.m.,  f.l.s.,  f.z.s.,  f.r.e.s. 

(Hope  Professor  of  Zoology  (Entomology)  in  the  University  of  Oxford). 


Darwin  in  1877  i1)  wrote  to  Meldola  :  ‘  I  quite  agree  with 
you  that  it  is  a  great  pity  that  our  Entomologists  should  confine 
themselves  to  describing  species.’  He  had  a  very  poor  opinion 
of  the  entomologists  of  those  days  who  belonged  to  his  ‘  mob  of 
naturalists  without  souls.’  Pure  taxonomy,  without  a  principle 
behind  it  to  illuminate  it,  must  indeed  have  been  a  deadening 
subject.  Even  nowadays  it  is  difficult  not  to  feel  towards  taxon¬ 
omists,  as  Charles  Kingsley  in  his  glorious  book  ‘  Water  Babies’ 
wrote  about  chimney-sweeps  and  dustmen,  that  we  should  honour 
them  all  the  more  because  theirs  is  such  a  very  unpleasant 
occupation  ;  but  it  has  to  be  done  by  someone  !  Possibly  many 
taxonormsts  who  rejoice  in  the  difficulties  would  feel  like  a  well- 
known  specialist  in  one  group  of  insects  who  came  to  Oxford  to 
see  a  Westwood  type.  When  I  asked  if  he  would  care  to  see 
some  of  our  unrivalled  mimicry  material  he  merely  said,  ‘  Oh, 
that  stuff  !  ’ 

Darwin  was  much  interested  in  the  courtship  of  insects  and 
discussed  it  at  length  under  sexual  selection  in  ‘  The  Descent  of 
Man.’  I  would  draw  your  attention  to  some  remarks  of  his  upon 
the  courtship  of  butterflies  in  which  he  said  (2),  ‘I  am  led  to 
believe  that  the  females  prefer  or  are  most  excited  by  the  more 
brilliant  males.’  He  notes  that  in  England  the  females  of  cer¬ 
tain  butterflies  are  ‘  more  brightly  coloured  ’  than  the  males, 
e.g.  Maniola  jurtina  L. ,  species  of  Pieris,  and  Colias  croceus 
Fourcroy.  He  continues  :  ‘  Now  the  males  of  many  butterflies 
are  known  to  support  the  females  during  their  marriage  flight ; 
but  in  the  species  just  named  it  is  the  females  which  support 
the  males,  so  that  the  part  which  the  two  sexes  play  is  reversed, 
as  is  their  relative  beauty.  .  .  .  With  these  butterflies  the  females 
take  the  more  active  part  in  the  final  marriage  ceremony,  so 
that  we  may  suppose  that  they  likewise  do  so  in  the  wooing, 
and  in  this  case  we  can  understand  how  it  is  that  they  have  been 
rendered  more  beautiful.’ 
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When  I  first  went  out  to  Uganda  in  1910  I  noticed  the  blue 
sex  of  a  very  common  Lycaenid  (Lachno  enema  bib  ulus  F.)  obvi¬ 
ously  paying  court  to  the  dull  brown  sex,  and  was  much  in¬ 
terested  to  find  that  the  active,  brighter  suitor  was  the  female. 
It  seems  however  that  Darwin  was  wrong  in  stating  that  in  the 
cases  he  mentions  the  female  carries  the  male,  and  therefore  the 
supposition  that  the  female  courts  the  male  must  be  incorrect, 
as  indeed  observations  have  shown. 

O.  W.  Richards  wrote  a  splendid  study  on  this  and  other 
subjects  (3),  and  I  would  acknowledge  the  great  value  that  these 
collected  notes  have  been  in  considering  the  subject  of  this 
paper.  I  have  endeavoured  to  make  use  of  observations  re¬ 
corded  mainly  since  the  date  of  his  work,  and  am  greatly  in¬ 
debted  to  Dr.  B.  M.  Hobby  for  looking  out  references  for  me 
and  to  Dr.  R.  Hanitsch  for  very  kindly  summarising  papers  in 
German.  Richards  says  that  it  does  not  seem  to  follow  that  the 
more  decorated  males  of  insects  make  displays  before  the  females 
with  movements  adapted  to  showing  off  their  special  decora¬ 
tions,  and  conversely,  in  certain  Drosophilid  flies  in  which  the 
male  has  specialised  wing  movements  there  is  often  no  dimorph¬ 
ism  in  wing  colour.  Even  in  E.  cardamines  L. ,  there  is  no 
record  of  a  special  exhibition  before  the  female.  Here  is  a  point 
on  which  our  Society  might  surely  endeavour  to  obtain  more 
observations. 

Regarding  the  part  played  by  the  respective  sexes  in  the 
marriage  flight,  it  is  obvious  that  there  is  still  much  to  be  learnt 
as  to  why  one  sex  carries  the  other  :  it  is  not  merely  a  question 
of  size.  In  1914  Poulton  (4)  said  that  ‘  it  had  been  observed  by 
Prof.  Meldola  that  the  9  9  of  several  British  butterflies  that 
carried  the  a*  cf  in  the  nuptial  flight  were  more  brilliantly 
coloured  than  the  other  sex  ’  ;  and  Wheeler  ( loc .  cit.)  said  that 
while  in  Lycaenidae  male  always  carried  female,  in  other  families 
(except  Hesperiidae)  female  carried  male.  Donisthorpe,  how¬ 
ever,  found  that  in  Argynnis  paphia  L.  either  sex  may  carry  the 
other  (5).  A  number  of  detailed  statements  by  Dixey  (6), 
Wheeler  (7  and  7A),  Hamm  (8),  and  Colthrup  (9)  are  combined 
in  the  following  table. 


Species. 

Cases. 

Carrying  sex. 

Pararge  meg  era  L. 

3 

Female. 

Eumenis  semele  L. 

3 

> » 

Maniola  jurtina  L. 

7 

y  y 

Argynnis  cydippe  L. 

1 

Male. 

„  paphia  L. 

9 

y  y 

y  >  y  y 

3 

Female. 

,, 

1 

9  i.valesina. 
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Species. 

Cases. 

Carrying  sex. 

Plebejus  argus  L.  - 

- 

1 

- 

Male. 

Polyommat.us  icarus  Rott. 

„ 

3 

- 

» > 

Pieris  hr  as  sic  ae  L. 

\*  -■ 

5 

,, 

,,  rapae  L. 

- 

3 

» 

,,  napi  L. 

■ 

2 

- 

y  y 

The  following  are  my  own  observations  in  Africa  (10,  n,  12). 
I  have  included  three  cases  from  Dizey’s  records  (2  P.  severina 
Cr.,  1  P.  pigea  Bdv.)  and  one  of  A.  chilo  Godm.  recorded  by 
Rogers  (1915,  Proc.  Ent.  Soc .  Lond.,  1914:  c).  The  nomen¬ 
clature  follows  A.  'Seitz  (1925,  The  Macrolepidoptera  of  the 
World,  Stuttgart,  13). 


Species. 

Cases. 

Carrying  sex. 

Papilionidae. 

Papilio  dardanus  cenea  Stoll.  ~ 

1 

- 

- 

Female. 

PlERIDAEu 

Herpaenia  eriphia  Godt. 

1 

- 

- 

Male. 

Pieris  ( Belenois )  gidica  Godt. 

2 

- 

- 

y  y 

,,  severina  Cr. 

IO 

- 

- 

y  y 

,,  ,,  mesentina  Cr. 

I 

- 

_ 

5  y 

,,  pigea  Bdv.  - 

I 

- 

- 

y  y 

,,  doxo  Godt.  ( simana  Hpff.) 

34 

- 

- 

y  y 

>■>  >>  >  >  } > 

1 

- 

- 

Female. 

Teracolus  achine  Cr. 

3 

_ 

_ 

Male. 

,,  omphale  Godt. 

1 

- 

- 

y  y 

,,  evagore  Klug. 

1 

- 

- 

y  y 

,,  casta  Gerst.  - 

1 7 

- 

- 

)  1 

,,  ducissa  Dogn. 

1 

_ 

_ 

y  y 

Eronia  cleodora  Hbn. 

1 

_ 

_ 

Terias  regularis  Btlr. 

1 

_ 

y  y 

Jf  senegalensis  Bsd. 

1 

- 

_ 

y  1 

,,  hrigitta  Cr. 

2 

- 

y  y 

Danaididae;. 

Danaida  chrysippus  L.  - 

19 

- 

_ 

>  5 

Satyridae. 

Ypthima  aster  ope  Klug. 

.1 

- 

- 

Female. 

Nymphalidae. 

Hamanumida  daedalus  F. 

2 

Pseudacraea  poggei  Dew. 

1 

_ 

_ 

y  y 

N eptis  agatha  Stoll. 

1 

_ 

Byhlia  acheloia  Wallengr. 

1 

_ 

_ 

Male. 

Precis  actia  Dist.  - 

1 

- 

- 

Female. 
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Species.  Cases.  Carrying  sex. 

Acraeidae, 

Acraea  chilo  Godm. 

,,  encedon  L.  - 
,,  natalica  Bsd. 

„  caecilia  F. 

,,  oncaea  Hpff. 

,,  caldarena  Hew. 

>>  >>  >  j 

Lycaenidae. 

Alaena  interposita  Btlr.  - 
Axiocerses  amanga  Ww. 

Cupido  teliccmus  plinius  F. 

>  )  >  9  >9  J  J 


To  sum  up,  counting-  tog-ether  African  and  English  observations. 


Family.  Male  carrying.  Female  carrying. 


Papilionidae 

- 

— 

- 

1 

Pieridae 

- 

90 

- 

1* 

Danaididae 

- 

19 

- 

— 

Satyridae 

- 

- 

14 

Nymphalidae 

- 

1 1 

- 

9 

Acraeidae  - 

- 

4 

- 

5 

Lycaenidae 

- 

5 

- 

3 

These  figures  show  that  in  Pieridae  and  Danaididae  the 
males  always  carry  the  females  during  pairing,  and  that  Darwin 
must  have  been  misinformed  as  regards  the  former  family. 

In  Satyridae  however  the  female  always  carries  the  male, 
and  these  figures  support  Darwin’s  statement. 

The  Nymphalidae,  Acraeidae,  and  Lycaenidae  show  no  uni¬ 
formity  :  in  the  first  and  last  groups  however  there  is  an  interest¬ 
ing  difference  between  the  figures  for  Africa  and  Britain. 


Africa. 

Britain. 

Families. 

Carrying  sex. 

Carrying  sex. 

e 

9 

6  9 

Nymphalidae 

1 

5 

10  4 

Lycaenidae 

1 

3 

4  0 

T  otal 

2 

8 

14  4 

Female. 


Male. 


Female. 

Male. 


Female. 


Male. 


*  Possibly  error  of  observation. 
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So  far  as  these  figures  go  It  would  appear  that  in  Africa  there 
is  in  Nymphalidae  and  Lycaenidae  a  greater  tendency  for  the 
female  of  the  pair  to  carry  the  male,  whereas  in  England  the 
male  often  carries  the  female.  A  curious  point,  if  true,  and 
deserving  of  further  investigation. 

There  are  woefully  few  observations  on  the  courtship  of 
Pieridae  by  which  we  may  test  Darwin’s  supposition,  but  Coch¬ 
rane  (13)  observed  the  courtship  by  the  male  in  Leptidea  s  inapis 
L.  The  female  was  laying  her  eggs  :  a  male  flew  to  her,  she 
rested  on  a  leaf  and  the  male  settled  facing  her  and  moved  his 
head  from  side  to  side,  just  failing  to  strike  the  anterior  edge  of 
her  forewing  with  his  antennae.  His  extended  proboscis  was 
repeatedly  drawn  up  the  edge  of  her  wing  and  moved  back  again 
quickly,  and  he  got  so  close  to  the  female  that  he  appeared  to 
be  licking  her  face. 

In  the  few  cases  in  which  I  saw  courting  male  Pierines  in 
Africa  I  did  not  notice  this  use  of  the  antennae,  but  it  has  also 
been  observed  in  Aglais  urticae  L.  ;  sometimes  the  blows  of  the 
antennae  have  been  distinctly  audible  to  the  observer  (14). 
Pararge  megera  L.  butts  the  female  with  his  head  and  also  uses 
the  antennae  in  the  same  way  (15). 

There  are  very  few  observations  on  display  of  particular 
colours  or  structures  by  male  insects  before  the  females  : 
Richards  in  his  valuable  paper  writes  that  probably  displays  of 
colour  by  males  rarely  occur  in  species  with  marked  colour  poly¬ 
morphism  unless  they  are  accompanied  by  excitation  by  sound 
or  scent  production.  I  have,  however,  witnessed  a  striking 
special  display  by  a  brightly-coloured  dragon-fly  in  front  of  its 
dull-coloured  female  in  which  there  was  no  suggestion  of  the 
production  of  either  sound  or  scent  (16).  The  species  is  Libellago 
caligata  Selys,  one  of  a  group  with  brilliantly  coloured  males 
which  in  Uganda  frequents  swift  streams  at  spots  where  the  sun 
shines  through  bushes.  The  abdomen  of  the  male  is  brilliant 
cobalt  blue  narrowly  ringed  with  black  :  the  tibiae  of  all  the  legs 
are  flattened  and  expanded,  brilliantly  shining  white  in  front  and 
equally  brilliantly  carmine  behind. 

A  female,  uniformly  dull  grey-brown,  was  sitting  on  a  hori¬ 
zontal  twig  just  above  the  swiftly  flowing  water,  a  habit  frequent 
in  the  genus.  The  male  came  up  from  behind  and  then  turned, 
and  hovered  about  two  inches  in  front  of  her,  describing  a  small 
arc  of  a  circle  of  which  she  was  the  centre,  passing  repeatedly 
from  side  to  side  in  front  of  her  and  always  facing  her.  All  the 
legs  were  held  so  as  to  display  their  shining  white  anterior  sur¬ 
faces.  The  necessity  of  identifying  the  species  made  It  impossible 
to  wait  too  long,  so  I  did  not  witness  the  end  of  the  manoeuvre. 
The  red  posterior  surfaces  of  the  legs  would  only  be  visible  after 
the  accepted  suitor  had  seized  the  female  round  the  neck  and 
flown  off  with  her,  and  may  serve  as  a  stimulus  to  the  actual 
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mating-.  Further  observations  on  the  courtship  and  pairing  of 
the  Odonata,  especially  in  sexually  dimorphic  species,  are  much 
needed  and  should  prove  of  interest.  One  such  by  Poulton  and 
Eltringham  (17)  supports  the  suggestion  of  the  use  of  the  red 
posterior  surfaces  of  the  legs.  Elaborate  displays,  however, 
seem  not  to  be  the  rule,  for  Klein  (18),  who  paid  more  attention 
to  details  of  pairing  than  to  the  actual  courtship,  describes  in 
the  case  of  Aeshna  affinis  Charp.  how,  when  a  male  that  is  ready 
for  mating  sights  a  female,  he  dashes  to  her  and  seizes  her  so 
quickly  that  details  cannot  be  followed.  In  the  case  of  Coenagrion 
puella  L.  he  describes  the  male  as  dropping  gradually  down  from 
above  and  behind  in  a  slanting  direction,  to  land  upon  her’  back 
and  grip  her  firmly  with  his  legs. 

A  display  of  especially  attractive  legs  has  also  been  described 
by  Bromley  (19)  in  the  case  of  the  Asilid  fly  Heteropogon  lautus 
Loew,  in  Texas.  The  male  hovers  in  front  of  the  female,  an  inch 
away,  oscillating  from  side  to  side  and  waving  towards  the 
female  his  front  tarsi  clothed  with  appressed  white  hairs,  for 
periods' of  thirty  seconds  or  so.  The  female  may  ignore  the  male 
or  may  watch  eagerly,  waving  her  front  tarsi  in  return  and 
spasmodically  half  raising  or  lowering  her  wings.  The  male 
would  then  fly  over,  turn  in  mid  air  and  alight  on  the  back  of 
the  female,  when  mating  would  take  place.  But  at  other  times, 
when  presumably  the  female  was  not  sufficiently  interested,  the 
male  would  alight  on  her  back  and  press  the  facial  bristles 
against  the  spines  above  the  base  of  the  ovipositor  :  she  would 
then  half  raise  and  lower  her  wings  as  before  described,  and  the 
male  would  then  frequently  spring  to  the  hovering  position  in 
front  of  her  and  wave  his  legs  as  before. 

Such  indications  of  active  choice  on  the  part  of  the  female 
are  rarely  recorded,  and  there  is  need  for  more  records  of  this 
kind.  One  such  by  J.  V.  Pearman  (20)  gives  an  account  of  five 
British  Psocidae  which  all  behave  in  essentially  the  same  man¬ 
ner.  The  male,  highly  excited,  runs  about  seeking  a  female  and 
then  dances  before  her  with  wings  held  out  half-spread  and 
tremulously  fluttered,  the  abdomen  rigidly  extended  and  apically 
upturned,  with  terminal  flaps  expanded.  Always  facing  the 
female  in  this  attitude  he  runs  round  her,  occasionally  stopping 
and  butting  with  his  head.  If  the  female  is  unwilling  she  scuttles 
away  ;  if  not,  she  remains  passive,  the  male  ceases  his  circling 
and  stands  facing  her  :  suddenly  he  whirls  round,  pushes  his 
way  backwards  beneath  her  while  she  lifts  the  forepart  of  her 
body  to  allow  him  to  pass,  and  union  is  quickly  effected.  The 
males  are  attracted  to  the  females  by  odour,  for  they  will  even 
posture  before  a  female  not  yet  emerged  from  the  nymphal  skin, 
and  are  attracted  by  the  freshly-cast  nymphal  skin. 

J.  W.  Campbell  has  described  (21)  the  courtship  of  Myopso- 
cus  novae-zelandiae  Kolbe,  which  can  only  be  described  as  comic  ! 
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The  male  runs  round  the  quiescent  female  with  a  series  of  quick, 
jerky  movements  and  arrives  at  a  position  facing-  her  :  their 
heads  come  into  contact  and  he  apparently  licks  her  face.  So>  far 
there  is  little  difference  from  Pearman’s  description.  In  the 
present  case,  however,  the  preliminaries  end  with  the  male 
suddenly  standing  on  his  head,  curving  his  body  upwards  and 
backwards  over  the  female,  extending  and  closing  his  wings 
alternately  with  a  surprisingly  beautiful  effecj,  as  the  wings 
glisten  with  ruby  iridescence.  The  female  apparently  remains 
irresponsive  to  his  excitement  while  his  body  is  arched  over  her, 
which  is  merely  a  prelude  to  the  time  when  she  chooses  to  take 
the  initiative,  and  until  she  does  so  he  must  perforce  continue 
his  acrobatic  performance.  Unfortunately  the  author  does  not 
explain  how  the  female  exercises  her  initiative.  During  the 
whole  period  of  daylight  the  males  kept  up  their  acrobatic  per¬ 
formance  with  unabated  zeal,  and  it  was  surmised  that  a  male 
stood  on  his  head  two  or  three  times  in  every  five  minutes. 

E.  Jacobson  in  1924  (22)  described  the  male  dance  of  Licheno- 
mima  sumatrana  Endl. 

Let  us  now  consider  cases  in  which  the  female  seems  to  take 
the  active  part  in  a  display  apparently  intended  to  attract  the 
male. 

S.  M.  Federov  in  1927  (23)  noted  that  in  the  case  of  the 
grasshopper  Anacridium  aegyptium  L.  the  female  deliberately 
attracts  the  male  by  waving  her  open  wings. 

Phil  Rau  (24)  has  described  a  similar  procedure  by  the  female 
of  the  wasp  Scolia  dubia  Say  in  America.  Large  numbers  of 
the  wasps  were  flying  over  a  refuse  dump  containing  thousands 
of  larvae  of  the  green  ‘  June  beetle,’  Cotinus  nitida  L.  ;  they  per¬ 
formed  mazy  flights  in  a  horizontal  plane  three  or  four  inches 
above  ground.  Occasionally  one  would  leave  the  flight,  settle  on 
the  ground,  fold  its  black  wings  over  its  bright  abdomen  and 
become  inconspicuous  on  the  dark  background,  resting  while  the 
dance  went  on.  Suddenly  the  resting  one  would  spread  its  wings 
out  to  reveal  the  brilliantly  coloured  body,  and  almost  immedi¬ 
ately  one  of  several  would  swoop  down  from  the  dance  and  mate 
or  attempt  to  mate,  the  union  being  almost  instantaneous.  But 
union  was  exceptional  :  in  the  majority  of  cases  the  visitor 
merely  bumped  into  the  resting  one  :  approximately  fifty  bump¬ 
ings  occurred  for  one  mating.  No  bumping  was  nofied  among 
the  flying  insects  ;  it  seemed  invariably  to  follow  the  display  by 
the  resting  member.  The  observer  did  not  actually  say,  but  it 
is  evident  from  the  writing,  that  the  resting  wasp  is  the  female 
and  that  she  indicates  in  some  way  or  other  her  desire  to  mate 
with  a  particular  individual  among  the  many  that  bump  her.  It 
is  fascinating  to  speculate  whether  bumping  is  an  art  to  be 
practised  by  the  ardent  young  males,  and  whether  a  suitor  is 
only  accepted  when  he  delivers  a  really  pleasing  bump  ! 


122 


[October, 


l  have  just  touched  upon  the  question  of  the  female  attract¬ 
ing-  the  male  by  display,  and  have  no  time  to  deal  with  the  well- 
known  attraction  exercised  by  the  females  of  moths  upon  males 
at  incredible  distances,  an  attraction  which  we  ascribe  to  ‘  scent,’ 
although  its  nature  is  quite  imperceptible  to  us.  Ihis  subject 
deserves  a  whole  paper  to  itself. 

Let  us  consider  courtship  through  another  sense — the  power 
of  perceiving  those  vibrations  of  long-wave  length  which  we  call 
sound,  though  very  many  of  them  are  imperceptible  to  us. 

W.  B.  R.  Laidlaw  (25)  gave  a  delightful  description  of  the 
song  of  a  species  of  Syrphid  fly,  Sericomyia  borealis  Fin.  Many 
were  flying  about  silently,  but  one  alighted  and  was  seen  to 
commence  making  a  musical  sound.  He  says  :  ‘  As  many  more 
of  the  orchestra  were  all  around,  piping  in  different  keys,  the 
complete  harmonic  effect  was  wonderful.’  I  suppose  the  sound 
made  by  many  Syrphid  flies  as  they  crawl  up  a  window-pane, 
emitting  a  high-pitched  buzz  gradually  rising  in  the  scale,  must 
be  familiar  to  all  of  you  :  I  often  wonder  what  its  significance 
may  be.  The  common  tse-tse  fly  of  Uganda,  Glossina  palpalis 
R.D.,  kept  in  cages  for  experimental  work  in  laboratories  and 
well  fed,  produces  the  same  kind  of  noise  in  apparently  the  same 
way,  by  vibration  of  the  bases  of  the  wings  apposed  over  the 
back.  I  have  often  heard  the  same  noise  in  the  field  from  flies 
seated  on  my  back.  It  is  now  well  established  that  male  tse-tse 
come  to  an  animal  as  much  for  the  sake  of  meeting  the  female 
as  for  feeding.  Unfortunately  I  have  no  notes  as  to  whether  the 
male  or  female  tse-tse  makes  the  buzz. 

Richards,  in  his  paper  ( loc .  cit.,  p.  316)  describes  how  male 
Asilid  flies  hover,  slightly  swaying,  in  front  of  the  female,  hum¬ 
ming  on  a  very  high  note  which  gradually  becomes  louder,  and 
just  as  a  climax  is  about  to  be  reached  the  female  darts  off, 
followed  by  the  male.  I  have  seen  the  same  thing  in  Africa,  and 
also,  as  Richards  had  noted,  in  the  case  of  a  Bombyliid  fly. 

It  is  interesting  that  sounds  are  known  to  be  made  in  court¬ 
ship  by  a  few  butterflies.  Darwin’s  observation  on  the  butterfly 
he  heard  in  Brazil  is  of  course  classical,  but  I  will  quote  it. 
‘  Several  times  when  a  pair,  probably  male  and  female,  were 
chasing  each  other  in  an  irregular  course  they  passed  within  a 
few  yards  of  me  ;  and  I  distinctly  heard  a  clicking  noise,  similar 
to  that  produced  by  a  toothed  wheel  passing  under  a  spring 
catch  ’  (26).  When  in  Uganda  I  was  interested  to  hear  a  similar 
noise,  which  at  the  time  was  compared  to  the  rattling  of  dried 
peas  shaken  in  a  box,  produced  by  the  male  of  the  small  Nymph- 
aline  Mesoxantha  ethosea  Drury,  which  was  fluttering  around  a 
female  in  the  air.  This  had  been  recorded  before  but  was  new 
to  me.  I  have  also  heard  a  large  species  of  African  Hesperiid 
butterfly  (possibly  Ploetzia  eery  mica  Hew.),  when  darting  about 
in  the  evening  twilight  with  another  individual,  produce  a  noise 
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like  the  loud  ticking*  of  a  watch,  each  individual  tick  being 
slightly  slurred  or  prolonged. 

The  large  Dytiscus  water-beetle  has  been  shown  by  F. 
Brocher  (27)  to  make  a  loud  humming  when  in  the  evening  it 
climbs  out  of  the  water  upon  a  stem,  preparatory  to  taking 
fdght.  The  body  is  held  obliquely  upon  the  middle  legs,  the 
elytra  and  mesothoracic  epimera  are  feebly  uplifted  :  the  whole 
body  vibrates.  After  a  minute,  never  more,  the  humming  ceases 
and  the  beetle  suddenly  flies  away.  It  is  doubtful,  however, 
whether  this  is  really  a  courtship  song  and  further  investigations 
would  be  of  interest,  particularly  on  beetles  in  their  natural  sur¬ 
roundings,  for  Brocher’ s  were  in  an  aquarium. 

In  many  observations  on  the  production  of  sound  in  court¬ 
ship  there  is  no  reference  to  any  response,  or  choice,  exercised 
by  the  female.  The  following,  by  B.  T.  Boldyrev  (28),  is  there¬ 
fore  valuable  :  it  concerns  a  well-known  Tettigoniid  grasshopper 
from  the  Black  Sea,  Bradyporus  multitub erculatus  Fisch-Wald. 
There  is  a  stridulating  apparatus  on  the  abbreviated  elytra  in 
both  sexes  :  the  female  produces  a  softer,  more  interrupted 
noise,  only  in  fright  or  in  response  to'  calls  by  the  male.  The 
latter  has  tremendous  powers  of  song,  lasting  for  several  days 
and  even  continued  while  it  eats,  and  audible  at  a  distance  of 
two  hundred  yards.  The  male  starts  his  song  at  midday  or  early 
in  the  afternoon,  having  climbed  up  a  plant.  The  females  are 
very  scarce  and  conceal  themselves  at  the  bases  of  bushes  ;  all 
that  were  found  were  near  a  male.  Twice  a  female  was  found 
sitting  under  a  bush  on  which  a  male  sang  :  once  a  female  was 
seen  which  ‘  with  short  shrieks  crawled  to  the  base  of  a  Rhamnus- 
bush  on  which  a  male  was  singing.’  Another  female  was  cap¬ 
tured  when  she  came  from  the  grass  to  a  cage  in  which  a  freshly 
captured  male  was  singing. 

The  Cicadas  are  so  classic  an  example  of  singing  males 
(‘  Happy  the  Cicadas’  lives,  for  they  all  have  voiceless  wives  ’) 
that  I  have  sought  information  from  J.  G.  Myers  (29).  He  points 
out  that  Darwin  in  1871  first  drew  attention  to  the  significance 
of  Cicada  song  in  courtship  in  the  following  passage  :  ‘  As  there 
is  so  much  rivalry  (in  song)  between  the  males  it  is  probable 
that  the  females  not  only  discover  them  by  the  sounds  emitted 
but  that,  like  female  birds,  they  are  excited  or  allured  by  the 
male  with  the  most  attractive  voice.’  Myers  quotes  several  ob¬ 
servations  to  show  that  in  some  cases  the  female  is  actually 
attracted  by  the  sound  and  seeks  the  singing  male,  and  that  in 
other  cases  many  males  will  be  found  on  the  ground  singing 
around  one  female  :  these  have  been  seen  to  butt  each  other,  or 
beat  each  other  on  the  back.  In  one  case  the  female  deliberately 
called  the  singing  male  by  making  a  noise  like  the  ticking  of  a 
clock  ;  apparently  the  male  had  been  singing  at  some  distance 
away  for  some  time  before  the  female  called  it.  Sometimes  it  is 
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the  female  which  is  restless  and  comes  to  the  singing*  male,  and 
walks  up  and  down  close  to  the  male  on  the  trunk  on  which  he 
is  singing.  Observations  show  that  female  may  come  and,  as  it 
were,  listen,  and  fly  off  again  as  if  the  sound  were  not  to  her 
liking. 

The  song  of  birds  is  now  believed  to  be,  not  the  romantic 
expression  of  love  towards  an  object  of  adoration,  but  the  de¬ 
fiant  proclamation  of  a  territory  over  which  the  songster  claims 
to  hold  sway.  But  this  explanation  cannot  hold  good  for 
cicadas,  which  need  no  territory  in  which  to  hunt  for  food,  for 
all  they  have  to  do  is  to  plunge  a  proboscis  into  a  tree.  Myers 
considers  that  the  first  role  of  a  cicada’s  song  is  an  assembling 
one,  to  keep  within  touch  of  each  other  the  members  of  a  species 
which  may  range  far,  as  it  has  great  powers  of  flight  and  its 
food  presents  no  difficulty.  Moreover,  the  season  for  imaginal 
cicadas  may  be  extremely  short ;  in  some  cases  not  more  than 
one  week,  and  it  has  been  noted  that  the  season  is  the  shortest 
in  species  which  can  be  most  easily  attracted  by  artificial 
sounds.  Once  the  sexes  are  assembled  it  is  impossible  not  to 
believe  that  the  song  acts  as  a  stimulus  to  mating.  But  there 
seem  to  be  lamentably  few  observations  on  refusal  of  a  female 
to  mate  with  one  male  and  her  consent  to  another,  the  process 
which  must  occur  if  the  song  has  been  developed  by  sexual 
selection.  Observations  on  this  point  might  be  made  with  our 
British  species  in  the  New  Forest  by  members  of  this  Society 
who  can  work  there,  and  are  not  mere  collectors  of  ‘  Vars.’  and 
‘  Abs.  ’  —  detestable  terms  ! 

I  have  wondered  whether  the  humming  of  mosquitoes  may 
not  have  a  courtship  significance.  It  does  not  seem  to  be  a 
mechanical  necessity,  for  in  Africa  I  soon  found  out  that  when 
one  was  told  that  there  were  no  mosquitoes  at  a  certain  camp 
one  should  especially  beware  of  malaria  !  The  reason  was  that 
the  local  Anopheline  mosquitoes  which  can  produce  malaria  are 
peculiarly  quiet  in  their  flight,  and  scarcely  audible.  The  swarm 
of  comparatively  harmless,  though  fiercely  biting,  Culicines 
.which  deafen  one  at  sunset  are  of  course  composed  of  biting 
females,  and  it  has  occurred  to  me  as  possible  that  the  loud 
noise  made  by  a  crowd  around  a  source  of  food  may  be  an  in¬ 
vitation  to  the  males  to  come  to  the  party  to  find  their  mates  ! 
The  sensitiveness  of  these  insects  to  sound  is  easily  demon¬ 
strated.  The  myriads  of  Chironomid  non-biting  gnats  that  arise 
from  Lake  Victoria  in  great  clouds  like  smoke  eventually  drift 
down  wind  to  the  coast,  where  they  put  out  lamps  and  generally 
interfere  with  comfort.  If  they  collect  in  a  sheltered  spot  in  the 
lee  of  a  bush  they  float  quietly  in  the  air  with  a  gentle  song. 
When  on  the  Sese  Isles,  I  used  to  try  singing  scales  at  them, 
quite  gently  and  quietly,  and  found  that  at  a  certain  note  the 
whole  swarm  would  rise  suddenly  in  the  air  a  few  inches.  The 
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note  was  quite  obviously  perceived  by  them  :  possibly  it  was 
actually  distasteful. 

I  would  now  draw  your  attention  to  the  most  interesting-  sub¬ 
ject  of  offerings  by  the  male  suitor,  or  at  least  the  taking  of 
something  by  the  female  from  the  male.  It  has  long  been  known 
that  in  Orthoptera  there  is  a  definite  relation  between  pairing 
and  the  imbibition  by  the  female  of  fluid  from  the  male,  which 
reminds  one  of  the  linking  in  the  fossorial  and  parasitic  Hymen- 
optera  of  oviposition  with  feeding.  You  will  remember  how  a 
fossor  will  imbibe  the  juices  of  its  previously  stung  prey  before 
laying  an  egg  upon  it,  and  how  an  Ichneumon  will  lick  up  drops 
of  fluid  exuding  from  the  puncture  in  the  skin  of  her  victim  made 
by  her  ovipositor.  The  processes  seem  so  linked  together  that 
Wheeler  considers  them  conditioned  reflexes.  Now  in  the  cock¬ 
roach  Zabinski  has  described  (30)  how  a  courting  male  runs  to¬ 
wards  the  female  as  she  walks  about,  lifts  his  elytra,  and  makes 
fanning  movements  with  his  wings.  He  encircles  her,  with 
abdomen  stretched  out  and  bent  towards  the  centre  of  the  circle. 
Having  arrived  in  front  of  the  head  of  the  female,  the  male 
turns  his  back  to  her  and  again  vibrates  his  wings.  When  the 
female,  apparently  attracted  by  the  odour  of  the  dorsal  glands, 
commences  to  scent  them  and  touch  them  with  her  palps,  the 
male  quickly  glides  backward  beneath  her,  and  union  is  effected. 

In  many  Tettigoniids  and  Gryllids  mating  is  often  preceded 
by  the  female  irritating  the  abdominal  tergites  of  the  male, 
where,  sometimes,  special  glands  are  present  with  a  secretion 
that  may  be  deemed  alluring.  Thus,  Chopard  (31)  wrote  in  re¬ 
gard  to  the  cavernicolous  Orthoptera  that  among  the  Troglo- 
philes  Seliskar  has  noted  the  preliminaries,  principally  concerning 
the  role  of  exsertile  glandular  organs  in  the  male  on  the  dorsum 
of  the  abdomen.  The  female  feels  with  her  mandibles,  in  a  lively 
manner,  the  region  whence  these  organs  project,  which  seem  to 
be  definitely  attractive. 

This  may  be  looked  upon  as  the  first  step  which  has  been 
developed  into  the  partaking  by  the  female  of  a  regular  meal 
from  the  male  in  that  same  species  of  Bradyporus  whose  song 
has  been  discussed.  It  is  one  which,  here  at  Oxford,  we 
should  call  typically  aposematic  in  appearance  and  behaviour  : 
it  is  sluggish,  freely  exposes  itself,  and  exudes  a  fluid  when 
irritated.  Such  species  have  been  shown  by  experiments  and 
field  observation  to  be  distasteful  to  insectivorous  vertebrates, 
but  apparently  the  fluid  is  not  obnoxious  to  the  female  Brady¬ 
porus.  Boldyrev  tells  how  he  watched  a  male  singing  on  a  bush  : 
short  shrieks  were  heard  from  a  crawling  female  at  the  base  of 
the  bush.  When  put  into  a  cage  with  males  she  climbed  up  on 
one  from  behind  and  began  with  open  jaws  to  touch  the  ab¬ 
dominal  tergites  from  the  middle  forwards.  When  she  reached 
the  pronotum  she  began  to  irritate  its  right  edge  :  under  this 
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stimulation  an  exudation  of  the  fluid  from  the  male  began,  and 
the  female  immediately  began  to  bite  the  pronotum  furiously, 
and  drank  greedily  of  the  freely  flowing  fluid.  Some  days  later 
this  same  female  was  placed  on  a  male  in  which  the  observer 
induced  a  flow  of  the  fluid  by  slight  pressure  upon  the  sides  of 
the  thorax.  The  female  drank  of  it  greedily  and  then  touched 
certain  specially  developed  ridges  on  the  pronotum  with  open 
jaws,  and  after  biting  off  a  large  piece  from  the  hind  margin  of 
the  pronotum,  drank  the  flowing  blood.  This  rough  treatment 
was  too  much  for  the  male,  who  threw  her  off  and  ran  away. 
It  is  probably  not  necessary  under  ordinary  conditions  for  the 
female  to  bite  off  pieces  :  Boldyrev  never  found  specimens  thus 
injured.  The  primary  purpose  of  the  fluid  is  defensive  against 
enemies,  and  it  flows  so  freely  under  irritation  that  a  secondary 
use  has  come  about. 

Let  us  now  turn  to  Diptera,  on  which  there  are  many  ob¬ 
servations.  One  of  my  own,  which  may  not  be  familiar  to  all  of 
you,  I  find  is  closely  paralleled  by  observations  of  W.  H.  Piersol 
(32)  and  W.  M.  Wheeler  (33)  for  other  species.  It  concerns  the 
quite  simple,  but  deliberate,  offering  by  a  male  of  the  Ortalid 
fly  Bromophila  caffra  Macq.  to  the  female  with  whom  he  wished 
to  mate.  The  male  fly  sat  rather  far  back  upon  the  female,  who 
was  on  a  leaf ;  his  anterior  legs  reached  forward  to  embrace  her 
neck  while  he  attempted  to  mate  with  her.  She  seemed  not  to 
receive  his  attentions  with  favour  and  by  movements  of  her 
wings  oscillated  her  body  from  side  to  side.  The  male  then 
hauled  himself  forwards  by  placing  his  front  feet  one  on  each 
side  of  the  head  of  the  female,  and  she  turned  her  head  so  that 
the  short  proboscis  was  directed  upwards  and  backwards.  His 
proboscis  met  hers,  and  there  was  undoubtedly  a  transference 
of  a  drop  of  fluid  from  him  to  her.  The  male  then  resumed  his 
more  posterior  position  and  made  renewed  efforts  to  mate,  but 
apparently  the  female  was  unwilling,  for  three  times  did  he 
draw  himself  forward  in  the  same  way  and  give  her  droplets  of 
fluid.  After  this  the  oscillatory  movements  of  the  female  became 
more  violent,  with  buzzings,  and  both  flies  fell  to  the  ground. 
It  seemed  that  though  this  female  accepted  gifts  from  the  suitor 
she  wanted  nothing  more  from  him  (34). 

We  now  come  to  one  of  the  most  fascinating  parts  of  this 
subject  which  has  been  particularly  studied  by  the  Hope  Depart¬ 
ment  of  Entomology  at  Oxford,  namely,  the  offering  by  a  male 
predacious  insect  to  the  female  of  an  object  which  can  only  be 
interpreted  as  a  gift  by  an  ardent  suitor.  There  have  been  many 
disconnected  observations,  but  to  A.  H.  Hamm  belongs  the 
credit  of  showing  that  a  series  of  increasing  interest  links  such 
an  act  as  has  just  been  described  to  a  quite  amazing  act  whose 
meaning  can  only  be  understood  as  the  end  product  of  an  evolu¬ 
tionary  series.  I  will  therefore  give  you  only  Hamm’s  observa- 
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tions,  which  were  summarised  by  Poulton  (35).  The  Empidid 
flies  are  active  predators,  capturing  other  insects  on  the  wing 
and  sucking  their  juices.  The  first  stage  in  the  series  is  the 
devouring  of  prey  by  one  or  both  sexes,  independently  of  court¬ 
ing.  Hamm  (36)  has  given  a  redescription  of  the  courtship  of 
Empis  tri gramma  Meig.  In  this  species  the  male  does  not  seem 
to  capture  prey,  but  the  female  is  not  averse  from  capturing  even 
the  males  or  females  of  her  own  species.  She  calls  up  a  male  by 
vibrating  her  wings  and  rubbing  her  anterior  tarsi  together.  A 
male  within  ten  inches  distance  responds  similarly,  and  gradu¬ 
ally  approaches  until  the  two  can  stroke  each  others’  forelegs, 
waving  them  about  as  ants  do'  antennae.  The  male  may  break 
off  the  courtship  and  turn  away,  which  is  interesting,  as  the 
female  called  him  up.  But  usually  pairing  follows  immediately 
the  female  makes  a  slight  turning  movement.  Sometimes  two 
females  may  attract  the  same  male,  who  then  pairs  with  the  one 
that  first  makes  the  turning  movement. 

The  next  step  in  the  series  is  the  provision  by  the  male  of 
prey  which  is  sucked  by  the  female  during  mating.  Hamm  in 
1908  observed  Empis  livida  L.  (37).  The  females  leave  the  herb¬ 
age  on  which  they  have  been  sitting  and  circle  round  very  slowly 
three  or  four  feet  from  the  ground.  A  male  suddenly  appears, 
singles  out  a  female  and  gives  chase  :  if  intercepted,  the  male  is 
found  to  have  prey.  But  when  united  pairs  are  caught  the  female 
always  has  the  prey,  holding  it  between  her  legs,  squeezing  and 
turning  it  while  sucking  it  through  her  proboscis.  The  male 
transfers  his  prey  to  the  female  as  a  wedding  present.  In  the 
case  of  Empis  opaca  F.,  Hamm  found  differences  (38).  The 
females  do  not  dance  together  to  attract  the  male,  but  the  male, 
provided  with  prey  which  he  does  not  suck,  flies  over  low  plants 
with  erratic  flight  inducing  a  female  to  take  to  the  wing,  when 
she  is  at  once  chased.  A  female  was  never  seen  with  prey  ex¬ 
cept  when  mating ;  her  food,  as  that  of  the  male,  is  obtained 
from  flowers.  It  seems  that  the  prey  supplied  by  the  male  is  a 
stimulus  to  mating.  A  further  note  in  1909  (39)  records  that 
when  mating  is  over  the  female  drops  the  prey,  but  that  occa¬ 
sionally  she  will  carry  it  away. 

The  third  stage  in  the  series  was  finally  elucidated  by  Hamm 

(40) ,  although  some  of  the  facts  had  long  been  known.  Species 
of  the  genus  Hilar  a  were  observed  as  early  as  1873  t°  carry  on 
the  wing  flimsy  shreds  of  silk-like  tissues.  In  this  series  an  ob¬ 
ject  which  may  be  of  no  food-value  whatsoever  is  presented  by 
the  male  to  the  female  wrapped  in  a  mesh  of  silken  threads  spun 
by  glands  in  the  front  feet  of  the  male,  as  Eltringham  showed 

(41) .  The  male  of  Hilara  maura  Fab.  skims  over  the  surface  of 
a  small  stream  and  picks  up  from  the  water  a  small  floating 
object,  which  may  be  a  dead  insect  or  a  piece  of  vegetable  tissue, 
and  then  joins  a  throng  of  others  like  itself  carrying  this  sub- 
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stitute  for  prey,  which  flies  in  one  direction  along  a  stream  and 
returns  at  a  higher  level.  The  object  becomes  enveloped  in  fine 
silken  threads  which  eventually  form  a  more  or  less  spherical 
balloon  around  it,  brilliantly  white.  Sometimes  a  male  pairs  at 
once  after  seizing  the  object,  but  more  often  he  continues  to  fly 
until  the  balloon  is  made  around  whatever  object  he  picked  up. 
The  instant  that  the  two  sexes  unite  it  is  seen  that  the  balloon 
has  been  transferred  to  the  female,  who  carries  it  between  her 
legs  just  as  other  Empididae  carry  the  actual  prey  which  they 
suck.  You  will  remember  that  it  was  said  that  the  male  of 
Empis  opaca  sometimes  carries  away  the  prey  which  the  female 
has  been  sucking  during  mating  and  which  is  dropped  when  the 
flies  separate.  Hilara  maura  male  will  pick  up  a  discarded  balloon 
and  use  it,  thus  saving  himself  the  trouble  of  making  a  com¬ 
pletely  new  one. 

Hilara  quadrivittata  Mg.  has  similar  habits,  but  merely  binds 
its  prey  in  silk  without  forming  a  definite  balloon  ;  and  H.  pilosa 
Zett.  makes  comet-like  structures-  which  appear  to  be  quite 
empty,  so  that  here  there  is  no  suggestion  of  food  in  any  way, 
the  stimulus  to  mating  being  afforded  by  an  entirely  useless 
artificial  structure. 

It  is  interesting  to  reflect  how  this  substitution  has  arisen. 
I  would  like  to  know  whether  any  Empidid  flies  are  known  to 
spin  silk  threads  round  an  especially  vigorous  prey,  as  a  spider 
does  to  a  wasp  or  very  large  fly.  If  so,  one  can  understand  how 
silk  came  to  be  associated  with  the  reflex  necessary  for  mating. 

Not  only  among  Empididae  has  it  been  noted  that  the  female 
of  a  pair  carries,  or  feeds  upon,  prey  of  some  sort  or  other.  The 
equally  predacious  Asilidae  do  the  same,  and  it  was  suggested 
by  Poulton  (42)  that  courtship  was  so  dangerous  to  the  male 
that  he  devoted  his  attentions  particularly  to  females  already 
furnished  with  prey  !  I  am  indebted  to  Dr.  B.  M.  Hobby  for 
references  to  cases  of  other  predacious  insects  carrying  prey 
when  mating,  and  he  suggests  (43)  that  in  these  cases,  not  as 
in  Empididae,  the  possession  of  prey  by  the  female  is  a  mere 
accident.  In  the  case  of  Asilidae,  according  to  Melin  (44),  it 
seems  quite  exceptional.  Chitty  (45)  recorded  a  pair  of  Cicindela 
campestris  L.  of  which  the  female  had  an  ant  in  her  jaws.  Hobby 
(46)  recorded  a  female  of  the  fly  Scatophaga  stercoraria  L.  with 
prey  while  mating,  and  later  (47)  recorded  two  cases  only,  out 
of  a  considerable  number  of  pairs,  in  which  paired  females  had 
prey. 

Before  leaving  this  subject  for  the  next,  I  would  refer  to  a 
paper  by  Gruhl  (48)  on  the  dances  of  male  insects.  He  considers 
that  the  dancing  of  males  in  Ephemeroptera,  Trichoptera,  Dip- 
tera,  and  some  small  Lepidoptera  is  of  service  because  the  male 
in  a  dance  is  ready  at  a  moment’s  notice  to  seize  upon  a  female 
attracted  to  the  -dance  ;  in  many  cases  the  eyes  of  the  male  are 


I935-] 


129 


greatly  enlarged.  He  urges  the  view  that  dancing  is  not  danger¬ 
ous  to  the  males,  and  states  that  no  birds  which  seek  their  prey 
on  the  wing  pay  special  attention  to  dancing  insects,  and  gives 
observations  to  support  this  surprising  statement.  I  thought  it 
was  a  commonplace  that  swallows  devour  dancing  mayflies  with 
regularity.  Gruhl  also  states  that  predacious  insects  only  attack 
dancers  when  the  predators  themselves,  such  as  Empididae,  are 
performing  their  own  nuptial  dances.  Further  observations  on 
the  enemies  which  attack  the  male  dancers  seem  to  be  required  : 
for  myself  I  feel  that  did  female  mayflies  dance  in  swarms  it 
would  be  fraught  with  grave  danger  to  the  continuance  of  the 
species. 

I  now  come  to  a  subject  with  which  the  Hope  Department 
has  long  been  particularly  associated,  namely,  courtship  by  the 
use  of  scent  produced  by  the  males.  So  long  ago  as  1877  Fritz 
Muller  (49)  showed  that  male  butterflies  of  various  kinds  bear 
special  scales,  sometimes  aggregated  into  quite  definite  organs 
on  certain  parts  of  the  wings,  and  these  appeared  to  be  asso¬ 
ciated  with  the  production  of  scent. 

The  study  of  scents  thus  produced  received  much  attention 
from  two  distinguished  entomologists,  G.  B.  Longstaff  and  F.  A. 
Dixey,  who  were  able  to  perceive  and  describe  a  number  of  them 
(49A).  The  latter  studied  especially  the  actual  scales  which  pro¬ 
duce  the  scent,  and  his  work  culminated  not  long  before  his 
death  in  a  monographic  paper  giving  figures  to  show  the  specific 
differences  in  the  scent  scales  of  over  400  butterflies  (50).  The 
production  of  scent  has,  however,  gone  to  a  far  greater  length 
than  the  specialisation  of  certain  scales  to  produce  it.  Again  our 
early  knowledge  comes  from  Fritz  Muller,  who  in  1877  showed 
that  in  common  Oriental  species  of  Danaida  the  hind  wing  has  a 
pocket  lined  with  special  scales,  and  that  there  is  an  extrusible 
brush  in  the  male  at  the  end  of  the  abdomen.  He  suggested  that 
in  courtship  the  male  may  actually  insert  the  brush  into  these 
pockets,  thereby  impregnating  it  with  scent  so  as  to  distribute 
it  better. 

In  spite  of  the  extreme  abundance  of  butterflies  of  this  genus, 
and  allies,  it  was  not  until  1911  that  something  of  the  kind  was 
observed  in  Africa  by  W.  A.  Lamborn  (51).  The  genus  Amauris, 
peculiar  to  the  Ethiopian  region,  has  on  the  hind  wing,  not  a 
pocket,  but  a  specialised  area  of  scales  of  a  certain  type,  known 
as  the  brand.  Lamborn  watched  a  male  A.  niavius  L.  sitting 
with  its  wings  expanded  on  a  leaf  :  by  bending  its  abdomen  it 
brought  the  extremity  of  the  body  level  with  the  brands  on  the 
wings.  The  brushes  were  thrust  out,  and  then  passed  to  and  fro 
over  the  brands.  A  year  later  a  similar  observation  by  the  same 
acute  observer  (52)  was  made  on  A.  egialea  Cr. ,  and  another 
observation  on  this  species  in  1913  (53)  showed  that  between 
two  acts  of  wiping  the  brands  with  the  brush  the  wings  were 
suddenly  closed  upon  each  other  and  again  expanded  horizontally. 
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In  spite  of  the  attention  directed  to  this  subject  by  Poulton, 
no  further  observations  on  the  epigamic  use  of  these  structures 
were  recorded  either  in  Asia  or  Africa  until  1914,  when  I  was 
fortunate  enough,  on  one  of  the  Sese  Islands  of  Lake  Victoria, 
to  witness  the  courtship  of  another  species  of  Amauris,  A. 
psyttalea  Plotz.  (54).  A  male  was  flying  about  pursuing  the 
female  :  presently  she  settled  vertically  on  a  spike  of  vegetation 
about  two  feet  above  ground,  head  upwards,  wings  outspread. 
The  male  hovered  flutteringly  about  four  inches  above  her  head, 
rising  and  falling  a  little,  his  abdomen  hanging  down.  At  inter¬ 
vals  of  a  few  seconds  the  large  claspers  at  the  end  of  the  abdo¬ 
men  were  widely  spread  out,  and  the  conspicuous  white  brush 
was  quickly  protruded  and  as  quickly  drawn  in  again.  The 
female  sat  still  except  for  an  occasional  very  slight  movement 
of  the  wings,  but  suddenly  flew  away,  the  male  after  her,  and  I 
did  not  see  whether  they  mated. 

In  August,  1918  (55),  Lamborn  witnessed  the  impregnation 
of  the  hairs  on  the  brushes  of  Amauris  niavius  dominicanus  L. 
from  the  secreting  patches  on  the  wing.  The  male  butterfly  was 
resting  with  expanded  wings,  and  with  sudden  but  regular  move¬ 
ments  the  fore  wings  were  approximated  and  then  over-extended, 
the  hind  wings  following  to  about  half-approximation  and  then 
being  also  over-extended.  By  this  means  a  slight  movement  of 
the  black  hairs  on  the  outer  side  of  the  outspread  anal  tuft  over 
the  scent  glands  on  the  wings  was  effected.  This  took  place  ten 
or  twelve  times  in  half  as  many  seconds.  Many  other  males,  old 
or  new  specimens,  settled  and  performed  the  same  operation, 
and  were  so  intent  on  their  toilet  that  Lamborn  was  able,  by 
approaching  his  nose  to  within  two  or  three  inches  of  one  with 
the  tufts  extended,  to  experience  a  sensation  as  if  an  aromatic 
snuff  had  impinged  on  the  mucous  membranes. 

No  further  observations  on  the  courtship  of  Danaine  butter¬ 
flies,  in  spite  of  their  enormous  abundance  in  the  tropics,  were 
recorded  until  I  was  again  fortunate  enough  to  see  the  common¬ 
est  butterfly  in  the  world,  Danaida  chrysippus  L. ,  mated  in  con¬ 
siderable  numbers  in  a  favourable  spot  in  northern  Uganda  in 
1927  (56).  A  female  of  the  form  albinus  Lanz.  with  white  hind 
wings  sat  on  a  grass  stem  at  the  foot  of  some  flowering  thorny 
acacias.  The  male  hovered  flutteringly  about  four  inches  in  front 
of  and  above  her,  protruding  and  withdrawing  the  abdominal 
brush.  She  took  little  notice,  except  to  open  and  close  her  wings, 
until  the  male  came  down  in  front  of  her  and  in  protruding  the 
brush  seemed  to  touch  the  grass  blade  on  which  she  sat.  This 
seemed  to  make  her  more  excited,  and  she  moved  forwards  to 
the  spot  and  waved  her  antennae  and  wings  so  violently  that  it 
seemed  as  if  she  were  about  to  accept  his  advances.  But  she 
merely  fluttered  down  among  the  lower  stems,  and  though  the 
male  followed  her  she  made  off  and  would  have  nothing  more  to 
do  with  him. 
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Miss  Long-field  in  Uganda  (57)  saw  four  or  five  Danaida 
petiverana  D.  &  H.  fluttering  excitedly  in  a  clearing  in  Budongo 
forest,  but  most  of  them  beyond  reach.  Two  that  were  captured 
had  the  abdominal  brushes  fully  extruded  and  the  scent  pockets 
on  the  wings  widely  open.  A  female  was  not  definitely  recog¬ 
nised,  but  one  butterfly  was  seen  to  be  resting  on  the  foliage  of 
a  tall  tree  and  taking  only  short  flights  when  approached  by 
another. 

It  is  a  sad  thing  to  have  to  say,  but  it  is  a  fact  that  these  are 
the  only  records  known  to  me  of  the  epigamic  use  of  these 
special  structures  by  the  familiar  Danaine  butterflies,  well-known 
to  every  traveller  !  ( Vide  infra.) 

The  structure  of  this  elaborate  apparatus,  whose  aim  appears 
to  be  to  diffuse  an  aroma  pleasing  to  the  female,  was  thoroughly 
investigated  by  Eltringham  (58)  in  the  case  of  Amauris  niavius 
L.  The  peculiar  patch,  or  ‘  brand,’  on  the  hind-wing  consists  of 
scales  all  of  one  shape  and  size,  whereas  on  the  rest  of  the  wing 
large  scales  alternate  with  small.  Each  overlies  a  minute  cup 
provided  with  a  cover  pierced  with  a  small  orifice.  The  abdominal 
brush  when  at  rest  is  contained  in  a  membranous  bag  with  a 
muscle  attached  to  its  base  to  pull  it  back  after  it  has  been 
everted  by  hydrostatic  pressure.  Between  the  long  hairs  of  the 
brush  there  arise,  from  a  certain  part  of  the  bag  in  which  it  is 
placed,  very  fine  hairs  of  peculiar  structure  which  break  up  into 
minute  star-shaped  particles  by  transverse  segmentation.  It 
would  appear  that  the  function  of  the  stiff  hairs  of  the  brush  is 
to  lift  up  the  scales  and  allow  the  substance  secreted  by  the  little 
cup-shaped  structures  to  pass  on  to  the  hairs  of  the  brush,  in¬ 
cluding  the  peculiar  ones  just  described.  These  break  into  the 
tiny  star-shaped  particles  which,  when  the  brush  is  energetically 
protruded,  are  diffused  into'  the  air  and,  being  already  charged 
with  the  secretion,  convey  a  pleasing  aroma  to  the  female.  Fur¬ 
ther  researches  by  Eltringham  (59)  showed  that  in  different 
species  of  Danaines  neither  wing-glands  nor  dust-producing  de¬ 
vices  are  universally  present ;  the  brush  itself  and  not  the  wing- 
may  produce  the  scent  material,  whilst  the  dust  maybe  produced 
by  the  wing  and  not  by  the  brush,  and  even  in  the  pupa  instead 
of  the  imago. 

Since  the  previous  passages  were  written  an  important  paper, 
containing  a  good  list  of  references,  has  been  published  (60). 
The  new  term  ‘  telegamic  ’  is  suggested  to  describe  the  attrac¬ 
tion  of  females  from  a  distance  by  the  use  of  scent.  Latter 
describes  the  special  flight  of  a  male  Euploea  core  asela  Moore 
at  Colombo.  A  period  of  ‘  sailing  ’  with  wings  motionless  oc¬ 
curred  at  intervals,  the  distal  portion  of  the  abdomen  being 
flexed  so  that  it  hung  down,  with  anal  brushes  protruded.  After 
the  male  had  been  thus  behaving  for  a  few  minutes  a  female 
appeared  on  the  spot,  having  flown  against  the  wind  in  the 
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direction  from  which  any  aroma  from  the  male  would  have  been 
wafted.  She  joined  the  male  in  a  giddy  aerial  dance  and  flew 
away  with  him  out  of  sight.  Twice  more  did  a  male  come  to  the 
same  spot  and  behave  in  the  same  way,  and  each  time  a  female 
came  up  against  the  wind. 

Eltringham  found  that  the  anal  brushes  are  very  definitely 
secretory,  and  that  the  minute  glandular  patch  on  the  fore  wing 
in  this  species  must  play  a  secondary  part  in  diffusion  of  scent. 

All  this  work  on  tropical  butterflies  has  its  interests  for 
British  Entomology,  for  analagous  structures  have  been  found 
in  minute  Trichoptera,  caddis-flies  of  the  genus  Hydroptila,  and 
described  by  Mosely  (61)  and  Eltringham  (62).  It  is  significant 
that  the  groups  in  which  these  structures  occur  are  closely  re¬ 
lated.  The  principle  is  the  same  as  in  the  Danainae.  There  is  an 
evertible  sac  containing  a  brush  of  hairs,  but  there  is  no  special 
glandular  patch  on  the  wings  :  the  scent-producing  cells  are  in 
the  sac,  so  that  the  hairs  are  charged  with  scent  while  at  rest. 
The  structure  is  packed  away  on  the  back  of  the  head,  and  if 
you  realise  that  the  whole  insect  is  only  about  2  millimetres  in 
length  you  will  appreciate  the  technique  with  which  the  micro¬ 
scopic  structure  has  been  investigated,  and  feel  that  British 
Entomology  has  produced  some  very  fine  work  indeed.  It  re¬ 
mains  for  workers  in  the  field  to  put  the  coping-stone  on  the 
edifice  by  watching  for  the  use  of  this  apparatus  by  male 
Hydroptila  in  the  field.  The  caddis-flies,  as  Eltringham  remarks 
(63)  ‘  appear  to  afford  an  inexhaustible  field  for  histological  re¬ 
search,’  and,  one  may  add,  for  observation  or  experiment  on 
the  living  insect.  His  recent  paper  describes,  among  other  struc¬ 
tures,  a  minute  brush  on  the  hind-wing  of  the  male  Ecclisopteryx 
guttulata  Piet.,  and  a  structure  at  the  base  of  the  wing  of  the 
male  Beraeamaurus  Curt,  which  is  a  pocket  lined  with  glandular 
scales. 

Quite  accidentally  a  little  while  ago  I  saw  for  the  first  time 
the  curious  male  of  the  Geometrid  moth  Lobophora  halterata 
Nagel.  The  large  appendage  which  lies  over  the  hind  wing,  in 
the  male  sex  only,  strongly  suggests  that  it  has  a  scent- 
producing  function.  I  do  not  know  whether  this  has  been  in¬ 
vestigated,  but  anyone  who  can  obtain  eggs  and  breed  the  moth 
would  have  interesting  material  for  research  into  the  develop¬ 
ment  of  this  strange  structure.  Field  observations  on  the  be¬ 
haviour  of  the  male  in  courtship  are  much  needed. 

In  conclusion,  I  would  say  that  I  hope  my  remarks  will  lead 
to  further  observations  on  insect  courtship.  It  does  seem  as  if 
the  older  views  of  Darwin  require  adjustment,  and  that  the 
elaborate  apparatus  for  production  of  scent,  sound,  or  bright 
appearances  cannot  often  be  shown  to  be  due  to  deliberate  selec¬ 
tion  by  an  individual  female  of  one  out  of  a  crowd  of  suitors. 
Rather  does  it  seem  that  the  activities  of  the  male  are  directed 
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to  producing  in  the  female  a  readiness  to  mate,  and  that  when 
this  has  happened  there  is  little  choice.  Even  the  minutest 
insects  can  furnish  surprising  facts,  if  only  there  is  someone  with 
the  patience  and  insight  necessary  to  observe  and  the  power  of 
putting  down  on  paper  what  he  has  seen  ! 
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FIELD  EXPERIMENTS  ON  THE  FLIGHT  OF 
NOTONECTA  M AGUE  AT  A  Fabr.  (HEMIPT.). 

By  G.  A.  Walton. 

Introduction. 

The  genus  Notonecta ,  and  especially  N.  glanca  Linn.,  has 
been  the  subject  of  a  large  number  Of  scientific  papers,  mostly 
relating  to  structure,  biology  or  aquatic  habits,  but  apparently 
little  beyond  a  few  scattered  comments  have  been  published  on 
the  flight  of  these  insects.  It  was  thought  that  a  more  or  less 
detailed  investigation  might  prove  interesting,  and  the  writer 
subsequently  carried  out  the  experiments  described  below. 

Apparently  there  are  only  three  senses  that  could  be  of  im¬ 
portance  to  a  flying  Notonecta :  firstly  the  excellent  sense  of  sight, 
secondly  the  sense  equivalent  to  smell,  which  in  the  writer’s 
experience  is  not  over-sensitive,  even  in  the  liquid  medium,  and 
thirdly  the  sense  of  touch  which  would  detect  differences  of  air 
pressure  caused  by  wind,  which  is  important  as  revealed  later. 

With  these  facts  in  mind  the  experiments  were  arranged  so 
as  to  test  all  three  senses,  and  if  possible  to  ascertain  the  effect 
of  weather  conditions.  Roughly  the  methods  adopted  were  as 
follows :  a  large  number  of  Notonecta  maculata  Fabr.  were  cap¬ 
tured  and  taken  to  some  selected  site,  here  20-50  were  placed  on 
the  ground  a  measured  distance  from  the  water  or  other  objective, 
a  rough  sketch-map  was  made  of  the  surroundings,  noting  such 
conditions  as  time,  temperature,  state  of  the  sky  and  direction 
and  force  of  the  wind,  and  subsequently  the  course  taken  by  the 
insects  in  flight  was  marked. 

These  bugs  are  unable  to  fly  unless  their  wings  are  dry,  and 
on  being  put  down  upon  the  ground  they  walk  about  with  their 
wings  partly  open  for  varying  lengths  of  time.  In  some  instances 
the  bugs  took  wing  after  a  couple  of  minutes,  while  at  other 
times  they  were  still  scrambling  about  after  fifteen  minutes, 
which  was  made  the  time-limit  for  the  experiments.  Placed  on 
the  ground  the  insects  try  to  find  a  clear  space,  or  climb  upon  a 
plant  leaf  in  order  to  leap  clear  with  their  long  posterior  legs, 
which  are  drawn  up  under  the  body  for  that  purpose.  Usually 
after  several  attempts  the  bugs  leap  clear,  commencing  to  fly 
at  the  same  instant,  both  pairs  of  wings  vibrating  fast,  the 
front  legs  tucked  up  and  the  long  swimming  legs  stretched  out 
behind  together.  Flight  is  strong  and  direct,  and  on  perceiving 
water  they  fly  towards  it,  close  their  wings  and  drop  in,  fre¬ 
quently  rising  suddenly  before  doing  so,  as  if  to  give  time  for 
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the  complete  shutting-  of  the  wing’s  and  to  obtain  sufficient 
momentum  in  falling-  to  carry  them  through  the  surface  film,  so 
avoiding  the  difficulties  involved  in  submerging  when  they  find 
themselves  merely  resting  on  the  surface. 

The  Experiments. 

A  number  of  experiments  were  carried  out  in  north  Somerset 
and  of  these  fifteen  are  given  in  the  following  table  ;  others  are 
not  included,  as  in  these  the  insects  would  not  fly,  except  that  in 
one  instance  200  N.  maculata  were  put  down  and  only  three 
took  wing,  an  examination  showing  that  they  were  freshly 
emerged  and  although  in  perfect  coloration  were  still  too  soft 
to  fly.  The  writer  not  infrequently  handles  specimens  of  Noto- 
necta  with  their  wings  fused  at  the  tip,  probably  due  to  some 
slight  injury  when  freshly  emerged. 


Table  of  Experiments. 
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Analysis  of  Data. 

From  the  above  table  it  will  be  seen  that  during-  the  fifteen 
experiments  detailed,  200  N.  maculata  took  wing ;  of  these  45 
per  cent,  were  seen  to  drop  into  water,  the  others  flew  away  out 
of  sight  .and  may  have  eventually  reached  water,  unless  some 
accident  overtook  them,  as  happened  to  the  one  in  Experiment  2. 

Of  those  that  flew  either  with  or  against  the  wind,  ninety- 
seven  definitely  flew  down  wind,  while  thirty-two.  flew  against 
the  wind,  that  is  74  per  cent,  of  those  flying  along  the  wind  took 
the  line  of  least  resistance.  Taking  those  that  flew  out  of  sight, 
forty-two  flew  south,  inclining  to  south-south-easterly,  fourteen 
flew  to  each  of.  the  north,  east  and  west. 

Certain  of  the  experiments  require  special  discussion.  In 
Experiment  3,  thirty-nine  bugs  took  wing  starting  from  the 
middle  of  the  road  (see  PL  VI).  Of  these  eight  flew  west  up  the 
road  and  were  lost  from  sight,  while  eighteen,  flew  east,  also 
following  the  road,  seventeen  of  these  dropped  on  or  about  a 
black  saloon  car  thirty  yards  away.  Why  did  so  many  of  the 
insects  follow  the  road?  Apparently  because  it  reflected  more 
light  than  the  surrounding  fields  and  probably  appeared  to  them 
not  unlike  a  stream.  Then  again,  why  did  seventeen  out  of 
eighteen  drop  on  to  the  car,  which  was  the  reverse  to  wet,  shim¬ 
mering  in  the  mid-day  August  sun?  Again,  because  it  reflected 
more  light  than  the  road. 

In  Experiment  4  at  the  same  pond  the  bugs  were  put  down 
fifteen  yards  down  wind  of  the  pond,  on  a  steep  slope  over¬ 
looking  the  water ;  seventeen  bugs  flew  and  all  went  direct  to 
the  pond  against  the  breeze,  as  from  where  they  started  the 
gleam  of  the  water  was  obvious.  (Note. — This  pond  previously 
contained  N.  glauca  Linn.,  N.  obliqua  Gallen  and  N.  mridis 
D'elcourt.) 

Experiments  5,  6  and  7  were  specially  arranged  to  test  a 
number  of  points  :  firstly,  the  effect  of  water  vapour  from  the 
spray  of  the  weir  blown  by  the  strong  breeze  to  the  starting- 
place  of  the  bugs ;  secondly,  the  choice  between  the  muddy  pool 
to  the  north  and  the  clear  weir  pool  twenty  yards  to  the  south, 
and  thirdly  the  effects  of  the  breeze  itself.  Of  the  twenty  that 
flew,  fifteen  reached  the  weir  pool  and  three  reached  the  pond. 
Eight  flew  down  wind  and  then  veered  round  to  the  weir  pool, 
but  none  flew  towards  the  weir  itself,  thus  eliminating  the  water 
vapour  attraction  theory,  and  this  view  is  supported  by  Experi¬ 
ments  13,  14  and  15.  (See  PI.  VI  for  Experiments  3,  4,  7,  8, 
10  and  11.) 

Experiments  10  and  11  qualify  the  sense  of  sight.  The  bugs 
were  put  down  about  twelve  yards  from  a  glasshouse  to  the 
north,  and  others  to'  the  south,  east  and  west.  Although  the 
bugs  were  attracted  in  several  instances  to  the  glasshouses,  not 
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one  of  the  sixteen  that  flew  was  deceived  into  dropping-,  although 
several  paused  in  their  flight  as  if  uncertain  as  to  what  to  do. 

At  the  east  corner  of  the  western  glasshouse  stood  a  butt  full 
of  water ;  two  bugs  located  this  among  all  the  maze  of  shining 
glass  and  were  seen  swimming  about  in  the  water  afterwards. 
Others  perceived  this  water  butt  (and  another  at  the  west  corner 
of  the  south  glasshouse),  but  passed  on  after  pausing,  whilst 
yet  another  investigated  nearly  the  whole  length  of  the  east  and 
west  glasshouses,  the  north  glasshouses  and  the  water  butt 
before  resuming  its  original  south-south-easterly  course. 

In  many  of  the  experiments  there  was  a  tendency  to  fly  in  a 
south  to  south-south-easterly  direction,  especially  noticeable  in 
Experiments  n-15,  where  the  direction  taken  was  over  a  deep 
railway  cutting  and  across  a  dry  plantation,  there  being  no  water 
suitable  for  N.  maculata  for  two  miles. 

Conclusions. 

It  seems  fairly  safe  to  come  to  the  following  conclusions  from 
the  data  obtained  : — 

1.  N otonecta  maculata  Fabr.  finds  water  by  sight. 

2.  This  sense  in  Notonecta  is  very  well  developed;  they  can 

appreciate  the  difference  between  habitable  water  and 

(a)  a  light  road, 

( b )  glasshouses, 

(c)  a  thin  layer  of  water  over  short  grass,  and  over  soil. 

They  have  also  detected  such  a  small  area  of  water  as  a 
water  butt  when  surrounded  by  glasshouses,  but  were 
deceived  by  a  black  saloon  car. 

3.  When  there  is  no  other  attraction  the  greater  number  of  bugs 

will  either 

(a)  fly  to  the  compass  point  of  greatest  illumination,  or 

( b )  fly  down  wind,  i.e.,  the  line  of  least  resistance. 

4.  N otonecta  maculata  probably  flies  by  day  and  not  by  night 

because 

(a)  the  night  is  cold, 

( b )  the  dew  would  keep  their  wings  wet, 

(c)  the  water  would  be  difficult  to  see  at  night  except 

when  exceptionally  moonlit,  for  in  the  daytime 
under  the  very  best  conditions  it  was  found  to  be 
three  to  one  on  their  missing  water  when  placed 
at  an  average  distance  of  only  10J  yards  away. 
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The  question  here  arises  as  to  whether  any  of  these  200 
N.  maculata  that  took  wing-  showed  any  ‘  intelligence.’ 
The  answer  is  immediately  ‘No.’  On  the  ground  they  use 
the  method  of  trial  and  error,  always  trying  to  face  towards 
the  sun,  and  continue  towards  it  on  the  wing  unless  there 
be  an  air  current,  in  which  case  the  direction  taken  in 
flight  is  a  resultant  of  the  two  forces  or  stimuli,  the  insect 
rising  all  the  time  until  the  supreme  governing  stimuli,  the 
alterations  of  the  intensity  of  light  upon  the  ground,  comes 
into  play ;  so  that  its  course  is  then  erratic  until  it  per¬ 
ceives  the  gleam  of  some  dark  shining  object,  in  nature 
the  water.  Thus  the  next  conclusion  is : 

5.  N.  maculata  in  flight  is  an  animal  governed  by  external 

stimuli  to  which  it  reacts  automatically.  Supreme  among 
these  controlling  stimuli  are  the  changes  and  differences 
of  the  intensity  of  light  acting  as  an  attractant,  •  and 
received  by  the  sensitive  eyes. 

6.  N.  maculata  is  a  strong  flier  and  there  is  reason  to  believe  it 

can  fly  quite  long  distances. 


PLATE  VI 


FIELD  EXPERIMENTS  ON  THE  FLIGHT  OF  NOTONECTA 
M AC U LATA  FABR.  (HEMIPT.). 
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HEMEROBI ID AE  AND  CHRYSOPIDAE  (NEUR.) 
IN  A  LIGHT  TRAP  AT  ROTHAMSTED 
EXPERIMENTAL  STATION. 

By  C.  B.  Williams,  M.A.,  Sc.D.,  F.R.E.S. 

(Chief  Entomologist,  Rothamsted  Experimental  Station), 

and  F.  J.  Killingtoni,  B.Sc.,  A.L.S.,  F.R.E.S. 

On  15th  August,  1932,  a  light  trap  was  put  out  on  one  of  the 

fields  at  Rothamsted  Experimental  Station,  Harpenden,  Hert¬ 
fordshire,  about  25  miles  north  of  London.  It  was  working  on 
most  of  the  nights  during  the  rest  of  August  and  September, 
and  on  a  few  nights  during  October  and  November.  On  1st 
March,  1933,  it  was  put  out  again  and  since  that  date  has  been 
in  almost  continuous  use. 

A  full  description  of  the  trap  is  in  the  press  (Trans.  Roy. 
Ent.  Soc.  Lond.,  1935).  It  has  a  light  of  about  300  candle-power 
about  4  feet  above  the  ground  level. 

Since  1st  March,  1933,  it  has  been  fitted  with  a  clockwork 
mechanism  which  changes  the  killing-bottles  at  regular  inter¬ 
vals  during  the  night,  so  that  the  approximate  time  of  entry  of 
the  insects  can  be  estimated.  In  practice  there  are  eight  bottles, 
and  they  divide  evenly  into  eight  periods  the  time  from  half  an 
hour  after  sunset  to  half  an  hour  before  sunrise.  The  change 
from  bottles  4  to  5  is  always  at  midnight,  G.M.T.  In  the  follow¬ 
ing  discussion  the  period  of  the  night  during  which  the  insects 
were  captured  is  put  in  brackets  after  the  date  of  capture.  Where 
no  period  is  given,  or  when  the  total  number  captured  is  larger 
than  the  numbers  given  in  the  summary  of  the  time  of  flight, 
this  is  due  to  the  fact  that  on  a  few  nights  on  which  captures 
were  made  the  bottle-changing  mechanism  failed  to  work. 

Among  the  many  thousands  of  insects  captured  were  a  num¬ 
ber  of  Neuroptera  of  the  families  Hemerobiidae  and  Chrysopidae, 
and  this  paper  gives  a  brief  account  of  the  species  concerned. 
In  all  eleven  species  were  represented  as  follows  :  — 


Family  Hemerobiidae;. 

Males. 

Females. 

Micromus  variegatus  (Fabr.) 

1 

1 

Eumicromus  ( Micromus )  paganus  (Linn.' 

)  -  1 

1 

Hemerobius  humulinus  Linn. 

0 

1 

Boriomyia  subnebulosa  (Steph.) 

-  18 

5° 

Sympherobius  py gniaeus  (Ramb. ) 

2 

4 

Sympherobius  elegans  (Steph.) 

1 

23 

0 

57 
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Family  Chrysopidae,.  Males.  Females. 


Chrysopa  earned  Steph.  -  -  -  8  15 

Chrysopa  albolineata  Killing-ton  3  9 

Chrysopa  flavifrons  Brauer  1;  2 

Chrysopa  ventralis  Curtis  f.  prasina  Burm.  1  5 

Chrysopa  phyllo chroma  Wesmael  1  o 

*4  31 


Family  Hemerobiidae,. 

Micromus  variegatus  (Fabr.), 

1932.  One  male  on  16th  August. 

19 33.  One  female  on  26th  August  (3). 

Eumicromus  ( Micromus )  paganus  (Linn.). 

1933.  One  female  on  22nd  May  (2). 

1934.  One  male  on  25th  June  (?). 

Hemerobius  humulinus  Linn. 

1933 .  One  female  on  2nd  August  (2). 

Boriomyia  subnebulosa  (Steph.). 

This  was  much  the  most  abundant  species. 

1932.  Eleven  males  and  thirty  females  between  15th  August 
(date  of  first  use  of  trap)  and  8th  September. 

1933.  One  male  on  29th  September  (6). 

Six  females  as  follows  :  one,  16th  July  (6)  ;  one,  31st 
August  (3)  ;  one,  3rd  September  (2) ;  one,  5th  September 
(?)  ;  one,  14th  September  (1) ;  one,  20th  September  (7). 

1934.  Six  males  as  follows  :  one,  29th  May  (3)  ;  two,  30th 
July  (4,  5)  ;  one,  3rd  September  (4)  ;  one,  8th  September 
(5)  ;  one,  9th  September  (?). 

Fourteen  females  as  follows  :  one,  22nd  May  (3)  ;  one, 
17th  June  (2)  ;  one,  24th  June  (2)  ;  one,  15th  July  (5)  ;  one, 
20th  July  (8);  one,  29th  July  (?);  one,  2nd  August  (5); 
two,  8th  August  (1,  2)  ;  two,  7th  September  (2,  2)  ;  one, 
10th  September  (3);  two,  12th  September  (1,  2). 

This  species  appeared  chiefly  in  the  early  part  of  the 
night  as  follows:  3 — 7 — 4 — 2 — 4 — 2 — 1 — 1.  (1932  speci¬ 
mens  not  included,  as  the  bottle-changing  mechanism  was 
not  then  in  use.) 

Sympherobius  pygmaeus  (Rarnb.). 

A  rare  and  local  species. 

1933.  One  male  on  13th  September  (1). 

Two  females  on  9th  August  (1)  and  3rd  September  (1) 
respectively. 

1934.  One  male  on  4th  July  (1). 

Two  females  on  17th  (3)  and  29th  June  (2)  respectively. 

It  will  be  seen  that  this  species  appeared  early  in  the 
night  as  follows  :  4 — 1 — 1 — o — o — o — o — o. 
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Sympherobius  elegans  (Steph.). 

A  rare  and  local  species. 

1933.  One  male  on  26th  June  (5). 

Family  Chrysopidae. 

Chrysopa  carnea  Steph.  ( =  vulgaris  Schn.). 

1932.  One  male  and  one  female  on  the  19th  and  30th  August 
respectively. 

1933.  One  male  on  10th  September  (?). 

1934.  Six  males  as  follows  :  one,  17th  August  (5)  ;  two,  nth 
October  (2,  8)  ;  one,  19th  October  (6)  ;  one,  20th  October 
(6);  one,  5th  November  (?). 

Fourteen  females  as  follows  :  one,  9th  May  (?)  ;  one, 
1 6th  July  (5)  ;  four,  17th  August  (1,  6,  6,  8)  ;  two,  18th 
August  (4,  4) ;  one,  19th  August  (8)  ;  one,  7th  September 
(1)  ;  one,  1st  October  (7) ;  one,  7th  October  (8)  ;  one,  19th 
October  (6)  ;  one,  22nd  October  (8). 

This  species  hibernates  in  the  adult  stage.  In  general 
they  came  into  the  trap  rather  late  in  the  night,  the  cap¬ 
tures  in  the  eight  periods  being  as  follows  :  2 — 1 — o — 2 — 
2 — 5 — 1  5* 

Chrysopa  albolineata  Kill.  ( =  tenella  Schn.). 

1933.  One  male  on  10th  June  (3). 

1934.  Two  males  on  12th  July  (7)  and  13th  July  (8)  respect¬ 
ively. 

Nine  females  as  follows  :  one,  8th  July  (6) ;  one,  15th 
July  (2)  ;  six,  17th  July  (4,  4,  5,  7,  7,  8)  ;  one,  5th  August  (2). 

Both  sexes  appeared  more  or  less  evenly  throughout 
the  night,  possibly  rather  late  than  early,  the  numbers  in 
each  of  the  eight  night  periods  being  :  o — - 2 • — 1 — 2 — 1 — 
1—3—2. 

Chrysopa  flavifrons  Brauer. 

1933.  One  male  on  9th  August  (5)  and  one  female  on  25th 
September  (8). 

1934.  One  female  on  30th  July  (8). 

Chrysopa  ventralis  Curt,  form  prasina  Burm. 

1934.  One  male  on  30th  July  (3). 

Five  females  as  follows  :  one,  16th  July  (1)  ;  four,  17th 
July  (5)  5.  6>  8). 

The  captures  in  the  different  night  periods  thus  read : 

Chrysopa  phyllochroma  Wesm. 

A  very  local  species. 

1933.  One  male  on  24th  August  (7). 
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Two  points  appear  to  be  worthy  of  comment.  One  is  that  in 
all  five  species  which  appeared  in  any  numbers  the  majority  of 
captures  were  of  the  female  sex.  This  is  contrary  to  the  general 
rule,  as  in  most  other  groups  and  particularly  in  Lepidoptera 
the  majority  of  individuals  attracted  to  the  light  are  males.  In 
this  connection  it  is  interesting  to  note  that  in  March,  1935,  a 
large  number  of  Chrysopa  carnea  were  found  hibernating  in  a 
box  on  the  roof  of  the  Entomological  Laboratory  at  Rothamsted, 
and  that  this  collection  included  76  males  and  50'  females,  so 
there  is  no  evidence  that  the  high  proportion  of  females  in  the 
light  trap  is  due  to  a  greater  abundance  of  females  in  the  field. 
This  is  further  borne  out  by  extensive  breeding  experiments 
in  which  approximately  equal  numbers  of  both  sexes  have  been 
obtained. 

The  second  point  of  interest  is  that  there  appears,  from  the 
small  numbers  given  above,  to  be  an  indication  that  the  Chryso- 
pidae  come  to  the  trap  later  in  the  night  and  the  Hemerobiidae 
earlier.  Details  for  the  species  which  came  in  any  numbers  are 
given  above,  and  the  few  odd  specimens  of  the  rarer  species 
support  rather  than  contradict  this  possibility.  The  total  num¬ 
bers  captured  before  and  after  midnight  in  the  two  families  are 
as  follows :  — 

Before  midnight.  After  midnight. 
Chrysopidae  12  -  28 

Hemerobiidae  25  -  9 

For  further  records  of  Hemerobiidae  and  Chrysopidae  cap¬ 
tured  in  light  traps  (at  Camberley,  Surrey)  see  Killington  (1933, 
/.  Ent.  Soc.  S.  Engl.,  1  (3):  58-59). 
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WEGENER’S  THEORY  OF  THE  MOVEMENT 
OF  THE  CONTINENTS. 

By  K.  G.  Blair,  D.Sc.,  F.R.E.S. 

(British  Museum,  Natural  History). 

Alfred  Wegener,  though  primarily  a  mathematician,  was  also 
a  geologist,  and  his  theory  is  based  upon  data  mainly  afforded 
by  geology,  a  branch  of  science  outside  the  purviews  of  entom¬ 
ology-1  Nevertheless  the  theory  in  application  so  far  transcends 
the  bounds  of  geology  that  it  behoves  every  biologist,  particu¬ 
larly  those  interested  in  the  present  geographical  distribution  of 
animals  and  plants,  to  study  the  theory  very  carefully,  and  to 
understand  at  any  rate  the  broad  outlines  of  its  foundations, 
before  we  can  attempt  to  apply  it  to  our  own  particular  problems. 

The  theory  is  no  longer  new,  but  was  first  propounded  so 
long  ago  as  1912,  while  the  English  translation  of  Wegener’s 
book,  ‘  The  Origin  of  Continents  and  Oceans,’  appeared  in  1924 
(London).  It  appears,  however,  to  have  received  but  little 
attention  in  this  country,  yet  it  seems  to  offer  so  eminently 
reasonable  and  at  the  same  time  so  simple  and  wide  ranging  a 
solution  of  so  many  and  varied  problems  that  a  brief  considera¬ 
tion  of  some  of  its  aspects  ought  I  think  to  prove  of  interest. 

The  distribution  of  land  and  water  upon  the  surface  of  the 
earth  has  excited  the  interest  of  the  inquiring  mind  for  some 
centuries.  Ever  since,  in  fact,  the  true  form  and  movement  of 
the  earth  have  been  recognised,  we  have  wondered  how  and 
why  the  continental  masses  as  we  know  them,  separated  by  the 
deep  hollows  of  the  ocean  basins,  came  into  existence.  For 
some  time  the  theory  most  generally  accepted,  formulated  by 
G.  H.  Darwin,  was  that  in  the  process  of  shrinkage  and  con¬ 
solidation  from  the  primeval  gaseous  nebula,  the  attraction  of 
the  sun  set  up  in  the  mass  of  the  earth  a  tidal  bulge  that 
eventually  split  off  from  the  contracting  mass  to  form  the  moon, 
and  that  the  gap  left  by  this  disrupted  mass  constitutes  the 
great  hollow  which  now  forms  the  basin  of  the  Pacific  Ocean. 

Subsequently,  towards  the  end  of  the  last  century,  an 
alternative  theory  was  proposed  to  account  for  the  great  ocean 
basins  ;  this  may  be  called  the  theory  of  tetrahedral  shrinkage, 
and  postulated  that  a  spherical  body  on  cooling  and  contracting 
would  not  contract  equally  all  over  its  surface,  like  the  shrivel- 

1  This  paper  has  been  submitted  to  two  of  my  geologist  colleagues,  and 
I  am  particularly  indebted  to  Dr.  H.  D.  Thomas  for  many  corrections  and 
helpful  suggestions. 
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ling  of  a  drying  apple,  but  would  tend  to  form  four  great 
hollows  separated  by  tapering  ridges  ;  in  short  that  the  sphere 
would  tend  to  become  a  tetrahedron,  that  is  a  pyramid  on  a 
triangular  base.  If  we  imagine  the  earth  as  a  rubber  ball  with 
these  four  hollows  in  it  the  idea  becomes  plain.  The  intervening 
ridges  represent  the  land  masses,  the  hollows  the  oceans  ;  thus 
we  have  the  top,  so  to  speak,  of  the  world,  or  the  base  of  the 
pyramid,  occupied  by  the  hollow  of  the  Arctic  Ocean  ;  one  ridge, 
broadest  at  the  top  and  narrowing  gradually  downwards,  repre¬ 
sents  the  American  continent ;  another,  similar  in  shape,  repre¬ 
sents  Europe  and  Africa  combined  ;  the  third,  somewhat  distorted 
perhaps  (but  then  we  cannot  expect  an  absolutely  precise  adher¬ 
ence  to  the  mathematical  figure)  represents  Asia  passing  by 
Melanesia  to  Australia.  This  theory  certainly  presented  attractive 
features  compared  with  that  of  great  chunks  flying  off  from  the 
earth  to  form  the  moon. 

Both  these  theories,  be  it  noted,  have  this  much  in  common  ; 
they  tacitly  assume  that  the  present  areas  of  land  and  water 
are,  apart  from  regional  invasions  and  retreats  of  the  sea  upon 
the  land  surface,  of  relatively  minor  importance,  as  they  always 
have  been  unalterable. 

Wegener  on  the  other  hand  disputes  this  assumption  funda¬ 
mentally,  and  postulates  the  theory  that  the  present  land  masses 
of  the  earth  originally  formed  one  compact  mass,  which  cracked 
and  split  in  various  directions,  the  resultant  blocks  then  drift¬ 
ing  apart  very  much  like  an  ice-sheet  breaking  up  into  floes, 
which  then  drift  further  and  further  away  from  the  original 
mass.  He  points  out,  as  is  indeed  generally  admitted  by 
geologists,  that  the  land  masses  are  composed  of  a  lighter  rock, 
formed  predominantly  of  silica  and  alumina  and  referred  to  for 
brevity  as  ‘  sial,’  whereas  the  underlying  deeper  layers  of  the 
earth’s  crust  are  composed  of  heavier  material,  the  main  con¬ 
stituents  of  which  are  silica  and  magnesium,  to  which  he 
applies  the  name  ‘sima,’  formed  by  uniting  the  first  two  letters 
of  the  names  of  each  of  these  elements  ;  that  the  sial  masses 
forming  the  continental  blocks,  as  well  as  being  lighter  are 
relatively  hard  and  rigid,  floating  upon  and  partly  submerged  in 
the  heavier  but  relatively  plastic  or  viscid  sima,  just  as  ice-floes 
float  upon  and  are  partly  submerged  in  the  waters  of  the  sea ; 
and,  further,  that  these  floating  sial  masses  are  not  fixed  and 
anchored  but  are  actually  drifting  and  in  the  course  of  time 
force  their  way  through  the  sima. 

Wegener’s  theory,  he  tells  us,  was  founded  upon  the  obser¬ 
vation  of  the  remarkable  coincidence  in  outline  of  the  opposite 
coasts  of  the  Atlantic  Ocean.  We  see  how  the  great  projection 
of  Brazil  would  apparently  fit  into  the  Gulf  of  Guinea  in  Africa, 
while  the  great  bulge  of  Senegal  would  occupy  the  recess  be¬ 
tween  the  north  coast  of  South  America  and  the  Atlantic  coast 
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of  the  United  States.  In  considering*  the  outlines  of  these  con¬ 
tinental  blocks  it  is  essential  to  remember  that  their  limits  are 
not  those  of  the  present  coastline,  but  are  better  represented  by 
the  steep  declivity  to  oceanic  depths  that  occurs  about  the 
100  fathom  line,  it  may  be  hundreds  of  miles  beyond  the  actual 
coastline. 

Consideration  of  the  geological  structure  and  of  the  fossil 
contents  of  these  now  widely  separated  areas,  as  for  example 
South  America  and  Africa,  show  such  remarkable  similarity 
that  the  conclusion  is  inevitable  that  the  beds  on  one  side  of 
the  Atlantic  were  laid  down  in  close  proximity  to,  indeed  in 
contiguity  with,  those  of  the  other  side,  and  it  is  only  after  a 
certain  geological  horizon  that  differences  arise  showing  that 
these  conditions  no  longer  held.  Thus  it  is  possible  to  date 
roughly  the  period  when  the  split  occurred,  and  it  is  found  that 
this  date  varies ;  that  in  the  south  the  severance  of  South 
America  from  Africa  occurred  in  Cretaceous  times,  yet  Green¬ 
land  remained  in  contact  with  Norway  until  the  end  of  the 
Tertiary  or  even  into  Quaternary  times,  i.e.  until  the  last 
glacial  period  (see  PL  VII). 

Similarly  India  was  at  one  time  adjacent  to  East  Africa, 
but  in  this  case  in  addition  to  the  drifting  apart  of  the  two 
continents  the  structural  correspondence  between  them  is  ob¬ 
scured  by  the  fact  that  India  has  undergone  a  tremendous 
degree  of  shrinkage  and  folding  in  the  formation  of  the  great 
mountain  ranges  of  Central  Asia.  This  folding  took  place  com¬ 
paratively  recently,  in  Tertiary  times,  and  it  is  calculated 
resulted  in  a  shortening  of  the  peninsula  by  some  3,000  km. 

This  theory  of  the  drifting  apart  of  the  continents  affords  a 
striking  simplification  of  many  phenomena  that  have  long  been 
a  puzzle  to  students  both  of  geology  and  of  biology.  To  take 
an  example  from  geology  ■ 

Evidence  of  ice-action  in  Carboniferous  times  has  been 
found  in  southern  Australia,  South  India,  South  Africa,  the 
Congo,  Togoland  and  in  South  America  as  for  north  as  Brazil. 
According  to  the  present  distribution  of  land  and  water  this 
would  indicate  an  ice-cap  covering  the  greater  part  of  the 
southern  hemisphere.  At  the  same  time  the  great  coal-fields  of 
Europe,  North  America  and  China  are  evidence  of  the  preval¬ 
ence  at  that  period  of  a  tropical  belt  in  those  regions.  But  a 
glance  at  Wegener’s  map  will  show  all  these  ice-marked  areas 
grouped  more  or  less  closely  together,  so  that  with  a  South 
Pole  situated  somewhere  near  the  point  of  junction  of  South 
India,  Mozambique  and  Cape  Leeuwin,  an  ice-cap  of  quite 
moderate  extent  would  embrace  them  all,  while  our  belt  of 
coal-fields  would  all  occur  close  to  the  Equator  of  that  period. 

This  period,  extending  from  the  Lower  Carboniferous  to  the 
Permian,  was  of  very  considerable  extent,  and  conditions  were 
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not  uniform  throughout.  Thus  there  is  fossil  evidence  to  prove 
that  ice  conditions  prevailed  in  Africa  and  India  at  an  earlier 
period  than  in  Australia ;  in  other  words  that  during  this  period 
the  centre  of  the  ice-cap,  the  South  Pole,  moved  from  some¬ 
where  in  the  region  of  Loanda,  past  the  southern  point  of  India 
almost  to  Central  Australia,  a  very  considerable  distance  as 
these  countries  are  now  situated,  but  only  a  fraction  of  this 
distance  on  Wegener’s  map.  While  the  South  Pole  was  travel¬ 
ling  in  this  manner  the  North  Pole  was  moving  correspond¬ 
ingly,  but  its  area  of  movement  being  in  the  middle  of  the 
North  Pacific  Ocean  no  records  corresponding  to  those  register¬ 
ing  the  movements  of  the  South  Pole  have  been  left  to  us. 

That  some  such  wandering  of  the  poles  must  have  occurred 
has  long  been  recognised  by  geologists,  but  it  had  not  hitherto 
been  found  possible  to  formulate  any  scheme  for  such  motion 
that  was  applicable  at  once  to  all  these  areas  as  at  present 
distributed  on  the  earth’s  surface;  conditions  that  indicated  a 
certain  position  for  the  equator  on  one  continent  would  be  quite 
inapplicable  to  another.  Thus  the  theory  of  the  displacement  of 
the  continents  not  only  brings  harmony  into  a  mass  of  discord¬ 
ant  facts  regarding  the  position  of  the  poles  and  the  equatorial 
belts,  as  evidenced  by  the  distribution  of  our  present  coalfields, 
but  at  the  same  time  the  shifting  of  the  land  masses  on  the 
earth’s  surface  would  affect  the  balance  of  the  earth  upon  its 
axis  thus  causing  an  adjustment  of  the  axis,  or  the  shifting  of 
the  poles,  for  which  hitherto  no  adequate  cause  could  be 
assigned. 

Whether  the  sialsphere,  this  outermost  lighter  layer  of  the 
earth’s  crust,  of  which  the  continental  masses  are  composed, 
ever  formed  a  complete  shell  around  the  earth  is  a  point  left 
more  or  less  open  by  Wegener  on  account  of  the  lack  of  actual 
evidence.  He  points  out,  however,  that  the  present  area 
occupied  by  the  continental  blocks,  i.e.  the  fragments  of  the 
original  sialsphere,  is  about  one-third  of  the  earth’s  surface, 
while  it  has  been  calculated  that  in  Carboniferous  times  it 
occupied  about  one-half  of  that  surface,  the  reduction  in  area 
corresponding  to  an  increase  in  thickness  due  to  foldings  since 
that  epoch.  Further  that  the  most  ancient  Archaean  rocks  are 
strongly  disturbed  and  folded  everywhere  on  the  earth.  It  is 
only  from  the  Algonkian  onwards  that  we  find  besides  the 
folded  rocks  here  and  there  non-folded,  or  but  slightly  folded 
deposits,  while  the  later  foldings  and  mountain-building  affect 
areas  of  very  much  smaller  extent.  In  other  words,  that  follow¬ 
ing  the  first  rift  in  the  complete  sialsphere  contraction  accom¬ 
panied  by  folding  took  place  throughout  this  crust,  but  that 
foldings  of  later  date  have  become  more  and  more  limited  in 
extent  as  time  went  on. 
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Now  the  average  thickness  of  the  continental  blocks  has 
been  calculated  as  being  about  iookm.  ;  if  the  folds  were  all 
smoothed  out  this  would  give  a  complete  sialsphere  of  about 
30  km.  thick,  the  whole  being  covered  by  water  to  an  average 
depth  of  2*5  km. 

Thus  we  find  ourselves  gazing  at  a  picture  of  the  earth  as 
a  sphere  completely  and  evenly  covered  by  water,  and  if  we 
may  jump,  as  it  were,  from  a  geological  standpoint  to  that  of 
the  archaeologist  or  the  student,  shall  we  say,  of  folk  lore,  we 
find  it  a  picture  with  which  we  have  long  been  familiar  in  the 
first  chapter  of  the  Book  of  Genesis  : — ‘  And  the  earth  was 
without  form  and  void,  and  darkness  was  upon  the  face  of  the 
deep.  And  the  Spirit  of  God  moved  upon  the  face  of  the  waters.  ’ 
Then,  as  we  have  seen,  on  the  first  split  in  the  sialsphere,  which 
later  was  to  form  the  bed  of  the  Pacific  Ocean,  the  sial  crust 
contracted  and  shrank  away,  wrinkling  and  folding  in  the 
process,  and  heaved  itself  up  to  appear  as  the  dry  land  above 
the  surface  of  the  water,  not,  as  we  used  to  think,  in  the  form 
of  the  present  continents,  but  as  one  solid  mass,  though  no 
doubt  in  great  part  still  covered  with  water  of  comparatively 
shallow  depth. 

Is  it  not  rather  wonderful  to  find  modern  science  thus 
explaining  and  throwing  light  upon  the  old,  old  story  of 
Genesis,  a  story  that  up  to  a  couple  of  generations  ago  was 
regarded  as  divinely  revealed  to  the  writer  of  that  Book,  but 
which  has  been  shown  by  archaeological  research  to  be  of  a 
much  more  ancient  origin  and  much  more  widely  diffused  among 
the  ancient  peoples  of  Asia,  yet  which  the  science  of  the  day 
regarded  as  purely  legendary,  having  no  possible  relation  to 
the  facts  of  the  early  days  of  the  earth’s  history?  Yet  one 
slight  modification  of  scientific  thought  (for  Wegener’s  theory, 
though  SO'  far-reaching  and  comprehensive  in  its  effects,  is  only 
that  the  great  earth  masses  instead  of  being  fixed  in  position 
are  themselves  in  motion)  and  we  find  that  in  the  Scriptural 
version  of  the  creation  of  the  world  the  first  picture  given 
agrees  most  astonishingly  with  that  at  which  we  arrive  by 
reasoning  backward  from  the  known  facts  of  to-day,  and  the 
known  processes  that  have  been  going  on  throughout  time,  and 
of  which  a  record  is  preserved  for  us,  dating  back  immeasur¬ 
ably  before  historical  times,  in  the  ‘  record  of  the  rocks.’ 

Further  independent  support  of  Wegener’s  ideas  is  provided 
by  the  theory  of  isostasy,  or  equilibrium  in  the  earth’s  crust,  a 
theory  formulated  by  geo-physicists  to  explain  the  local  depres¬ 
sion  or  sinking  of  the  surface  under  heavy  loads,  such  as 
increases  in  thickness  due  to  the  formation  of  mountain  chains, 
or  to  the  superimposed  weight  of  a  large  mass  of  ice  such  as 
the  polar  ice-caps.  Such  movements  due  to  pressure,  or  to 
release  from  pressure,  extend  over  long  periods  of  time,  e.g. 
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Scandinavia  has  perhaps  not  yet  fully  recovered  from  the  de¬ 
pression  due  to  the  weight  of  the  ice  of  the  last  glacial  epoch. 
Such  movements,  of  course,  represent  vertical  movement  of  the 
sial  mass  in  the  sima  base,  whereas  the  movements  postulated 
by  Wegener  are  lateral  movements. 

In  attempting  to  account  for  these  movements  of  the  sial- 
blocks  Wegener  considers  that  they  are  due  to  two  main  forces, 
first  a  drift  from  the  poles  towards  the  equator  and  secondly  a 
thrust  westwards ;  but  in  considering  these  movements  it  is 
essential  to  remember  that  these  two  directions  have  not 
remained  constant,  but  with  the  migrations  of  the  poles  the 
direction  of  the  drift  away  from  them  has  altered  ;  similarly  with 
the  westerly  drift,  the  westwards  of  the  early  stages  of  the 
movement  is  by  no  means  identical  with  the  westwards  of 
to-day. 

So  far  we  have  been  considering  only  geological  evidence 
in  favour  of  Wegener’s  theory ;  let  us  turn  now  to  some 
biological  considerations.  From  the  point  of  view  of  students 
of  the  geographical  distribution  of  animals  and  plants  this 
theory  of  the  former  contiguity  of  continent  now  separated  by 
thousands  of  miles  Of  ocean  is  of  primary  importance.  It  has 
long  been  recognised  by  zoologists  that  numerous  points  of 
affinity  exist  between,  say,  the  faunas  of  Australia  and  South 
America.  The  marsupials,  for  example,  are  found  in  these  two 
continents  only,  and  must  have  had  a  common  origin,  or  at  any 
rate  some  line  of  land  communication  in  the  distant  past.  The 
great  wingless  birds  afford  a  similar  case,  the  rheas  of  South 
America,  the  ostriches  of  South  Africa  and  the  cassowaries  and 
emus  of  Australia  and  New  Guinea.  That  these  must  have  had 
a  common  origin  is  evidenced,  in  addition  to  their  similarity 
of  structure,  by  the  fact  that  they  possess  in  common  a  single 
species  of  external  parasite,  one  of  the  Mallophaga  or  bird-lice 
(Struthiol  ip  eurus) . 

Among  fishes  the  three  existing  genera  of  the  Dipnoi  show 
a  similar  distribution.  Amongst  the  insects  numerous  similar 
cases  might  be  cited,  e.g.  in  the  Coleopterous  family  Buprestidae 
we  find  the  large  and  distinctive  genus  Stigmodera  peculiar  to 
Australia  and  the  similar  and  closely  allied  genera  Conognatha 
and  P'ithiscus  in  South  America,  the  genus  Curls  common  to 
both  continents,  and  many  similar  cases. 

On  the  tacit  assumption  that  the  relative  positions  of  these 
land  areas  have  remained  unaltered  the  only  mode  by  which  the 
common  origin  of  these  faunas  could  be  accounted  for  seemed 
to  be  the  assumption  of  the  existence  of  a  former  communicating 
land  area  that  by  subsequent  depression  had  disappeared  beneath 
the  ocean. 

On  similar  grounds  the  existence  of  a  former  land-bridge 
or  bridges  connecting  Europe  and  Africa  with  America  has  been 
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postulated.  Consider,  for  example,  the  Cambrian  deposits  of 
our  western  districts,  the  earliest  stratified  rocks  found  in  this 
country.  These,  of  course,  were  laid  down  in  water,  and  the 
material  of  which  they  are  composed  was  brought  there  by 
water.  But  whence  did  such  materials  come?  To  account  for 
them  it  has  been  assumed  that  at  the  time  they  were  in  process 
of  deposition  a  continent  of  yet  older  rocks  must  have  occupied 
the  place  of  much  of  what  is  now  the  North  Atlantic  Ocean,  and 
from  the  weathering  of  this  continent  the  material  to  form  the 
Cambrian  deposits  was  derived  ;  the  worn  down  remnant  of 
the  continent  was,  of  course,  supposed  to  have  been  later  sunk 
beneath  the  sea.  But  according  to  Wegener  North  America 
would  at  that  time  have  been  in  continuity  with  Europe,  and 
its  immense  extent  of  Archaean  rocks  precisely  fulfil  the  re¬ 
quired  conditions. 

Stories  of  the  existence  of  such  a  lost  continent  were  current 
long  before  its  existence  was  required  by  the  geologists. 
Students  of  the  classics  will  be  familiar  with  Plato’s  account 
of  the  island  of  Atlantis  far  out  to  the  west  beyond  the  Pillars 
of  Hercules  (Straits  of  Gibraltar).  With  the  growth  of  know¬ 
ledge  of  the  geography  of  the  world  this  story  came  to  be 
regarded  as  purely  mythical,  but  with  the  further  advance  of 
science,  the  study  of  the  European  races  of  mankind  and  their 
origins,  and  of  the  distribution  of  the  animals  on  the  opposite 
sides  of  the  Atlantic,  it  began  to  be  asserted  that  there  must 
have  been  a  land  out  to  the  west  of  Europe,  a  land  from  which 
the  Iberian  race  migrated  eastwards  into  Spain  and  spread  all 
across  North  Africa.  Later  arose  a  demand  for  a  similar  con¬ 
nection  between  these  same  races  and  the  Maya  civilisation  of 
Central  America.  The  zoologists  also  demanded  a  direct  land- 
connection,  at  least  taking  the  form  of  a  broad  land-bridge, 
between  south-western  Europe  and  North  America,  and  about 
the  end  of  the  last  century  and  the  beginning  of  the  present 
the  battle  raged  hotly  between  the  champions  of  the  land-bridge 
theory  and  its  opposers.  Finally  victory  seemed  to  lie  with  the 
former,  in  favour  of  the  existence  of  this  old  drowned  Atlantis, 
just  before  the  Wegenerian  theory  was  announced  to  the  world. 
Though  this  came  as  a  new  idea  it  does  not  seem  to  have 
stimulated  renewed  interest  in  the  discussion,  but  rather  to  have 
left  both  parties  equally  cold.2  Yet,  in  many  respects  at  least, 
this  new  theory  of  the  former  contiguity  of  the  continents  would 
appear  to  satisfy  the  demands  of  the  biologists  fully  as  well  as, 
and  surely  more  simply  than,  the  assumption  of  huge  tracts  of 

2  The  problems  of  the  Atlantic  and  Pacific  Oceans  have  since  been 
discussed  by  Prof.  J.  W.  Gregory  in  two  successive  Presidential  Addresses 
to  the  Geological  Society  of  London  (1930,  Proc.  Geol.  Soc.  Lond.,  85  : 
Ixviii-cxxii  and  1931,  Ibid.,  86  :  liv-cxxxvi).  See  also  L.  J.  Chubb,  1934, 
‘  The  structure  of  the  Pacific  Basin,’  Geol.  Mag.,  71  :  28(5-302. 
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connecting-  land  now  sunk  thousands  of  feet  beneath  the  ocean. 
Whether  it  would  provide  an  equally  acceptable  solution  of  the 
classical  story  of  the  lost  Atlantis  is  perhaps  doubtful,  but  it 
must  be  remembered  that  the  Atlantic  Ocean  was  still  closed  to 
the  north  probably  as  late  as  glacial  times,  so  that  at  the 
latitude  of  Spain  the  distance  across  to  America  would  be  very 
much  less  than  it  is  at  present,  while  there  is  the  further  possi¬ 
bility  that  in  the  process  of  drifting  away  large  island  masses 
may  have  broken  off  and  been  left  behind  and  thus  given  rise  to 
the  fable  that  these  relics  have  themselves  since  actually  disap¬ 
peared  beneath  the  waves  or  only  remain  in  such  remnants  as 
the  Azores  and  other  island  groups  and  shoals.  Similarly  a  for¬ 
mer  continent,  Lemuria,  has  been  postulated  to  connect  Africa, 
Madagascar  and  India,  of  which  relics  are  supposed  to  be  seen 
in  the  Seychelles  and  Aldabra  groups  of  islands,  while  South 
America,  South  Africa  and  Australia  are  supposed  to  have  been 
connected  by  a  drowned  Gondwanaland,  of  which  vestiges  re¬ 
main  in  South  Georgia,  Kerguelen,  etc. 

Such  wholesale  assumptions  of  the  existence  of  former  con¬ 
tinents,  though  apparently  necessary  to  explain  the  facts  of  the 
geographical  distribution  of  animals  with  the  continents  in  their 
present  positions,  seem  nevertheless  to  have  something-  about 
them  of  the  fantastic,  and  call  moreover  for  a  much  wider  dis¬ 
tribution  of  the  forms  concerned  than  seems  consistent  with  what 
we  know  of  their  representatives  to-day;  Wegener’s  hypothesis 
of  the  former  contig'uity  of  these  now  widely  separated  areas 
appears  much  more  simple,  as  well  as  at  least  as  rational  and 
as  well  supported  by  evidence. 

One  of  the  most  interesting  regions  of  the  earth  in  respect 
of  its  faunistic  characters  is  the  East  Indian  Archipelago.  This 
has  long  been  recognised  as  the  meeting-ground  of  two  different 
faunal  regions,  the  Oriental  and  the  Australasian,  fairly  sharply 
divided  by  a  line,  first  defined  by  A.  R.  Wallace,  running 
between  Borneo'  and  Celebes  and  between  Bali  and  Lombok. 
Geographically  there  would  appear  to  be  no  barrier  between 
these  two  faunas,  yet  a  marked  line  of  separation  exists,  not 
quite  sharp,  it  is  true,  but  with  only  a  narrow  zone  of  transition 
and  interpenetration.  But  a  glance  at  Wegener’s  map  shows 
that  the  separation  of  the  Australasian  block  from  the  Indo- 
Malayan  was  one  of  the  earliest  rifts  to  occur  in  the  splitting  up 
of  the  original  continental  mass,  this  separation  remaining  dis¬ 
tinct  and  absolute  until  comparatively  recent  times,  when  the 
Australian  block,  with  New  Guinea  and  its  associated  islands, 
again  crashed  into  the  Asiatic  block,  forcing  some  of  its  islands 
out  of  position  and  distorting  their  outlines.  With  this  renewed 
proximity  we  find  interchange  of  faunas  now  coming  into  play, 
resulting  in  a  transition  zone  of  recent  origin  between  the  two 
ancient  faunistic  regions.  The  distribution  of  the  butterfly 
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Limnas  chrysippus  L.  is  a  case  in  point.  Widely  distributed  in 
Africa  and  Indo-Malaya,  the  species  has  now  penetrated  well 
beyond  Wallace’s  line  into  Australia  and  spread  along*  the  north 
coast  and  down  the  west  coast,  but  not  apparently  very  far 
down  the  east  coast. 

Again,  to  return  to  the  Atlantic  rift  we  have  already  seen 
that  while  in  the  southern  hemisphere  the  split  originated  as  far 
back  as  Cretaceous  times,  yet  Greenland  remained  in  contact 
with  Norway  at  least  until  the  end  of  the  Tertiary  period,  and 
faunistically  Greenland  remains  even  now  essentially  European 
rather  than  American.  Supposing,  for  example,  we  examine  the 
beetles  of  Greenland,  which  of  late  years  have  been  fairly  exten¬ 
sively  collected  so'  that  we  may  consider  them  to  be  fairly  well 
known.  We  have  only  forty-eight  species  recorded  from  that 
country  (compared  with  nearly  4,000  occurring  in  Britain).  Of 
these  forty-eight  no1  less  than  fifteen  have  undoubtedly  been 
introduced  by  commerce,  and  from  the  faunistic  standpoint  are 
to  be  disregarded.  Of  the  thirty-three  that  may  be  regarded  as 
native  twenty  are  of  holarctic  distribution,  while  ten  occur  in 
northern  Europe  and  Siberia,  but  not  in  North  America.  One 
has  not  yet  been  found  elsewhere  than  in  Greenland.  The  re¬ 
maining  two  recorded  species  are  North  American  and  not 
known  from  Europe,  but  both  of  these  are  dependent  upon  old 
records  and  lack  confirmation  by  recent  collectors.  Both  are 
known  from  Labrador  and  it  is  probable  that  the  old  Greenland 
records  are  erroneous.  Hence  the  American  element  would 
appear  to  be  absent  from  the  Greenland  beetle  fauna.  Having 
regard  to  the  present  position  of  Greenland  with  respect  to  North 
America  and  Europe  this  result  is  not  a  little  surprising,  but 
again  Wegener’s  map  of  the  older  Quaternary  period  shows  an 
extensive  rift  between  Greenland  and  North  America  as  already 
in  existence,  while  its  contiguity  with  western  Europe  was  not 
or  hardly  broken.  In  fact  that  this  westerly  drift  of  Greenland 
away  from  Europe  is  still  in  progress  is  proved  by  actual 
measurements,  for  in  the  period  of  forty  years  it  is  found  that 
Greenland  has  moved  2,500  yards  further  from  Europe,  i.e.  if 
the  movement  were  steady  this  would  be  350  miles  in  10,000 
years.3  Again,  a  comparison  of  the  beetle  faunas  of  North 
America  and  Europe  shows,  as  we  have  seen,  a  number  of 
species  in  more  northern  districts  actually  common  to  both 
(holarctic),  but  further  south,  say  in  the  New  England  States, 
though  we  find  a  number  of  genera  still  represented  in  both  con¬ 
tinents  yet  the  species  are  almost  entirely  distinct,  and  the 
further  south  we  go  the  fewer  become  these  common  genera, 
until  in  South  America  even  the  subfamilies  are  in  the  main 
different  on  the  opposite  sides  of  the  Atlantic. 

3  These  figures  have  been  challenged  as  attributable  to  possible  in¬ 
accuracies  of  the  earlier  observations.  See  footnote  4. 
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It  has  been  suggested  by  Professor  MacBride  that  this 
gradual  widening  of  the  Atlantic  rift  might  supply  the  explana¬ 
tion  of  certain  problems  of  migration  that  have  hitherto  puzzled 
zoologists,  e.g.  the  periodical  migrations  of  the  lemmings  ol 
Scandinavia  every  ten  or  fifteen  years,  a  migration  that  ends  in 
plunging  into  the  Atlantic  Ocean  ;  also  the  spawning  of  Euro¬ 
pean  eels  in  the  western  Atlantic  to  the  south  of  Bermuda,  whence 
the  larvae  take  three  years  to  reach  their  home  rivers. 

Another  problem  that  would  perhaps  repay  examination  in 
the  light  of  the  displacement  theory,  if  indeed  this  has  not  al¬ 
ready  been  done,  is  that  of  the  migration  of  birds.  That  migrant 
birds  breed  near  the  northern  limit  of  their  range  appears  to  be 
the  general  rule,  but  that  our  summer  visitors  in  winter  should 
not  merely  seek  a  more  southerly,  warmer  clime,  but  should 
actually  cross  the  equator  tO'  sub-tropical  climes  in  the  southern 
hemisphere  requires  some  further  explanation.  Further,  why 
should  some  of  these  migrant  species  travel  by  the  west  coast  of 
Africa  while  others  travel  by  the  east  coast  ?  Then  in  the  return 
migration  the  colder  latitudes  of  the  South  Pole  with  their  lack 
of  suitable  land  area  have  no  attractions  for  them,  and  they 
must  needs  again  cross  the  tropics  to  the  colder  parts  of  the 
northern  hemisphere.  No  doubt  we  have  here  to  deal  with  in¬ 
herited  instincts  handed  down  from  their  ancestors  in  the  remote 
past  and  probably  correlated  with  the  former  rather  than  the 
present  positions  of  the  continents  and  the  equator. 

Though  it  is  now  over  twenty  years  since  Wegener  first 
enunciated  his  theory  and  over  ten  since  the  English  translation 
of  the  more  mature  version  of  it  appeared  it  does  not,  at  any 
rate  so  far  as  British  geologists  are  concerned,  appear  to  have 
Avon  very  general  acceptance,  certain  of  the  data  upon  which 
Wegener  relies  being  challenged  by  subsequent  workers.4  Based 
as  it  is  so  largely  upon  geological  data  it  is  perhaps  scarcely  to 
be  wondered  at  that  until  it  is  so  accepted  by  the  geologists  it 
appears  to  have  received  but  little  attention  from  other  bodies 
of  scientists.  On  the  continent,  I  believe,  the  theory  has  met 
with  much  more  general  acceptance  and  finds  a  place  in  the 
scientific  curriculum  in  schools.  It  may,  however,  b§  noted  that 
H.  M.  Kyle  (1926,  ‘The  Biology  of  Fishes,’  London),  relying 
largely  on  the  distribution  of  fossil  fishes,  finds  that  the  theory 
does  explain  numerous  points  that  were  otherwise  difficult  of 
explanation. 

4  Recently  (January  23rd,  1935)  ‘  The  Hypothesis  of  Continental  Drift  ’ 
formed  the  subject  of  discussion  at  a  meeting  of  the  Geological  Society  of 
London,  a  meeting  attended  also  by  the  Fellows  of  the  Royal  Astronomical 
Association,  both  bodies  being  engaged  upon  an  investigation  of  the  theory 
bv  means  of  observations  of  longitude.  See  (1935,  Proc.  Geol.  Soc.  Lond., 
91  .  vi-xil 
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As  regards  insects,  however,  fossil  evidence  is  so  scanty  and 
scattered  as  to  be  of  little  use,  though  something  can  be  deduced 
from  the  present  distribution  of  families  and  genera. 

Before  concluding  let  us  glance  for  a  moment  for  purposes 
of  comparison  at  another  book  written  shortly  after  Wegener’s 
book  appeared,  ‘  Our  Mobile  Earth  ’  by  R.  A.  Daly  (1926,  New 
York).  This  is  a  study  of  earthquakes  and  the  vulcanicity  of  the 
earth,  and  we  find  in  it  much  in  common  with  ‘  The  Origin  of 
Continents  and  Oceans.’  We  have  the  same  idea  of  the  con¬ 
tinents  as  floes  of  more  solid  structure  floating  upon  a  more 
viscous  substratum ;  we  have  it  impressed  upon  us  that  the 
Pacific  Ocean  is  of  very  much  earlier  origin  than  any  of  the 
other  oceans ;  and  we  find  stressed  the  fact  that  the  present 
extent  of  the  crust-blocks  is  immensely  contracted  owing  to 
folding  and  overthrusting,  in  other  words  to  mountain-building, 
from  the  area  that  it  once  occupied  ;  in  fact  that  the  solid  crust 
must  have  been  at  one  time  a  complete  shell  around  the  earth, 
uniformly  covered  by  water.  We  have  also  the  idea  that  once 
this  uniform  crust  became  broken  up  into  blocks  these  blocks 
moved  in  their  relative  positions  to  one  another,  or  floated  apart 
or  together  upon  the  more  viscous  substratum.  So  far  the  two 
writers  seem  to  be  independently  in  accord,  but  from  this  point 
they  differ.  Daly,  seeking  to  find  some  cause  for  these  move¬ 
ments  of  the  blocks,  notes  that  the  great  earth  masses  lie  either 
towards  the  poles  or  along  the  equator,  and  can  only  suggest 
that  the  heavier  higher  masses  tend  to  slide  downhill  into  the 
troughs,  squeezing  and  crushing  the  thinner  crust  of  this  area 
and  thus  forming  the  east  and  west  running  mountain  chains  so 
conspicuous  in  Europe  and  Asia,  and  to  some  extent  in  America, 
and  discernible  even  in  the  southern  hemisphere.  It  is  true  that 
he  does  not  insist  upon  this  explanation,  indeed  rather  depre¬ 
cates  it,  merely  putting  it  forward  as  the  best  that  he  can  sug¬ 
gest.  Though  he  mentions  Wegener’s  theory,  yet  he  does  so 
only  very  briefly,  admitting  that  ‘  it  must  be  seriously  enter¬ 
tained  as  the  true  basis  for  a  sound  theory  of  mountain-building,  ’ 
and  stating  that  Wegener  does  not  show  why  the  continents 
should  move.  One  is  left  with  the  impression  that  at  the  time  of 
writing  (the  book  was  published  two  years  after  ‘  The  Origin  of 
Continents  and  Oceans  ’)  he  had  not  actually  read  Wegener’s 
book.  He  may,  perhaps,  have  seen  some  of  Wegener’s  earlier, 
less  developed  writings,  or  possibly  only  notices  of  his  work, 
for  he  makes  no  mention  of  Wegener’s  constant  insistence  upon 
the  double  direction  of  movement,  the  drift  from  the  poles  and 
the  westward  drift,  no  mention  either  of  the  migration  of  the 
poles  and  of  the  simplification  of  this  hitherto  insoluble  problem 
that  Wegener’s  work  affords.  Wegener’s  theory,  indeed,  appears 
to  throw  so  much  light  where  Daly  was  merely  groping  in  the 
dark  that  one  feels  that  the  latter  part  of  Daly’s  book,  had  its 
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author  been  familiar  at  first  hand  with  Wegener’s  work,  would 
have  been  entirely  different. 

Though  much  detailed  critical  work  yet  remains  to  be  done 
in  the  different  sciences  involved,  geology,  biology,  meteorology, 
geophysics,  and  so  on,  each  of  which  has  its  own  problems  as 
well  as  many  problems  that  are  really  more  or  less  in  common 
though  viewed  from  different  angles,  yet  the  strength  of 
Wegener’s  theory  would  appear  to  lie  in  its  simplicity  and  its 
co-ordinating  value  in  these  different  lines  of  research.  Person¬ 
ally,  I  cannot  but  think  that  the  theory  merits  more  than  the 
scant  attention  that  it  appears  until  recently  to  have  received  in 
this  country,  that  it  will  in  its  broad  lines  eventually  win  its  way 
to  acceptance,  and  that  controversy  concerning  it  will  become 
more  and  more  limited  to  matters  of  detail,  such  as  the  dis¬ 
cussion  of  different  areas  of  the  earth’s  surface,  of  the  various 
points  to  which  objection  has  been  taken,  and  the  relative  im¬ 
portance  of  the  various  factors  involved. 


PLATE  VII. 


SECULAR  MOVEMENT  OF  THE  CONTINENTS. 

Reconstructions  of  the  map  of  the  world  for  three  geological  periods 
according  to  the  Displacement  Theory  (after  Wegener).  The  dotted  areas 
represent  those  parts  of  the  continental  blocks  that  were  submerged  beneath 
shallow  seas.  The  arrows  in  the  upper  figure  represent  the  movements  of 
the  N.  and  S.  Poles  during  Carboniferous  times. 
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NOTES  ON  THE  BIOLOGY  OF  MICRODON 
EGGERI  Mik  (DIPT.,  SYRPHIDAE). 

By  E.  E.  Syms,  F.R.E.S. 

The  small  black  ant,  Acanthomyops  niger  L.,  occasionally 
constructs  its  nest  in  the  standing  stumps  of  trees,  and  when 
these  occur  in  damp  situations  the  nest  may  contain  larvae  or 
puparia  of  a  Syrphid  fly  belonging  to  the  genus  Microdon. 

W.  M.  Wheeler  (1908)  has  traced  the  early  references  to  these 
insects.  He  tells  us  that  the  first  to  find  the  larva  was  von 
Heyden  (1823),  who  did  not  recognise  it  as  Dipterous,  but  con¬ 
sidered  it  to  be  a  slug  and  at  first  refrained  from  naming  it. 
Later,  von  Spix  (1825)  found  the  larva  and  named  it  Scutelligera 
ammerlandia.  Then  von  Heyden  published  a  paper  in  which  he 
named  the  larva  Parmula  cocciformis ,  still  thinking  it  to  be  a 
slug.  Schlotthauber  in  1839  seems  to  have  been  the  first  to  dis¬ 
cover  that  this  creature  was  the  larva  of  Microdon  mutabilis.  He 
presented  a  paper  to  the  naturalists  at  Pyrmont,  but  this  paper 
was  not  published.  It  is  referred  to  in  Oken’s  Isis  (1840).  It 
was  left  to  Elditt  (1845)  to  publish  the  first  paper  giving  the 
metamorphosis  of  this  insect. 

Verrall  (1901)  records  three  species  of  Microdon  from  Britain, 
Microdon  mutabilis  L. ,  M.  devius  L.  and  M.  latifrons  Loew,  but 
Edwards  (1923)  has  successfully  shown  that  all  the  M.  latifrons 
recorded  from  this  country  are  really  M.  eggeri. 

For  some  years  I  have  had  M.  eggeri  under  observation  both 
as  larvae  and  puparia ;  these  I  have  obtained  from  the  nests  of 
Acanthomyops  niger  that  were  in  the  standing  stumps  of  pine  in 
a  damp  meadow  at  By  fleet,  Surrey.  Several  larvae  and  puparia 
have  been  removed  and  taken  home  with  ants  from  the  nest 
and  placed  in  plaster  formicaria  in  order  to  watch  developments. 
The  perfect  insects  have  been  observed  .flying  in  this  damp 
meadow  ;  their  flight  is  slow  and  they  never  rise  far  above  the 
ground.  On  one  occasion  early  in  June  a  female  was  seen  flying 
round  the  stumps  and  examining  many  of  the  holes.  She  stayed 
but  a  few  seconds  at  each,  but  at  last  she  found  one  that  seemed 
to  suit  her,  for  she  entered  and  remained  for  several  minutes 
just  inside.  I  thought  that  she  was  ovipositing,  so  after  she 
had  flown  away  I  examined  the  hole  and  found  it  was  one  of  the 
entrances  to  the  ants’  nest  but  I  was  unable  to  find  the  egg;  in 
breaking  up  the  stump  I  must  have  destroyed  it.  If  I  am  correct 
in  assuming  that  she  was  ovipositing,  the  egg  was  laid  at  the 
entrance  to  the  nest,  so  that  when  hatching  took  place  the  young 
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larva  would  have  to  make  its  way  down  into  the  nest.  This,  I 
think,  does  take  place,  for  the  very  young-  larva  is  much  more 
active  than  the  adult,  and  is  always  found  in  the  lower  part  of 
the  ants’  nest.  The  eg-g-  of  M.  eggeri  is  described  by  W.  Lund- 
beck  (1916).  It  is  elliptical,  white,  and  the  surface  appears, 
coarsely  granular  when  examined  with  a  lens.  It  is  0-7  mm. 
long-  and  0-3  mm.  broad.  The  young  larvae  appear  in  about 
twelve  days. 

The  larva  is  elliptical  in  shape  and  without  distinct  segments. 
The  ventral  surface  is  flat,  the  dorsal  somewhat  rounded,  and 
where  these  surfaces  meet  there  is  a  fringe  of  short  filaments. 
This  fringe  is  kept  down  close  to  the  surface  upon  which  the 
larva  is  travelling.  At  the  posterior  end  on  the  dorsal  surface 
there  is  a  raised  knob  containing  the  anal  spiracles.  The  anterior 
end  is  incised  and  the  head  is  concealed  under  the  body,  but 
occasionally  thrust  out  when  the  larva  is  moving.  The  larva  is 
cream  coloured,  the  dorsal  surface  appearing  much  darker  owing 
to  the  brown  raised  sculpturing  on  that  surface.  I  have  found 
the  larva  from  the  end  of  June  until  the  following  April ;  all 
those  taken  in  June  were  very  small,  so  I  assume  that  larvae 
take  one  year  for  their  complete  development.  The  larva  is  very 
slug-like  both  in  shape  and  movement.  I  have  watched  very 
closely  to  see  what  these  larvae  feed  upon  ;  they  are  always  in 
the  chamber  of  the  nest  where  ants  are  numerous  and  feed  upon 
the  solid  food  ejected  from  the  hypopharyngeal  pockets  of  the 
ants.  The  feeding  is  very  difficult  to  watch  as  the  head  is  hidden 
from  view,  but  in  one  of  my  plaster  nests  I  placed  a  number  of 
ants  without  nesting  material  so  that  the  Microdon  larva  could 
only  feed  upon  the  ants  or  upon  the  material  ejected  by  the  ants  ,* 
they  never  touched  the  ants,  but  the  pellets  disappeared.  This, 
is  in  accordance  with  the  observations  of  Donisthorpe  (1912, 
I927)- 

Ants  seem  to  ignore  the  larvae  in  the  nest.  Crawling  over 
them  they  never  attempted  to  bite  them,  and  only  on  one  occa¬ 
sion  did  I  see  an  ant  feeding  upon  a  larva.  This  was  in  the 
winter,  and  the  larva  was  damaged  and  was  lying  upon  its  back, 
so-  that  it  was  probably  already  dead  before  it  was  attacked. 

Larvae  become  full-grown  in  the  early  part  of  the  year  and 
then  they  travel  to  the  upper  and  drier  part  of  the  nest,  where 
they  rest.  The  ventral  surface  becomes  attached  to  the  surface 
upon  which  it  rests,  the  larva  contracts  a  little,  the  dorsal  sur¬ 
face  becomes  much  more  rounded  and  a  much  darker  brown  in 
colour  and  in  a  few  days  there  is  thrust  out  from  the  anterior 
end  upon  the  dorsal  surface  a  pair  of  respiratory  tubercles. 
Pupation  generally  takes  place  in  April,  or  May,  and  the  fly 
emerges  about  one  month  later  ;  this  it  does  by  pushing  off  the 
anterior  end  of  the  puparium  in  ia  very  characteristic  manner. 
When  the  fly  emerges  the  pile  is  damp  and  flat  down  upon  the 
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body.  Emergence  takes  place  during  the  night  and  the  insect 
then  comes  out  of  the  nest  before  the  wings  expand.  In  cap¬ 
tivity  it  is  always  twenty-four  hours  before  the  wings  expand, 
and  on  one  occasion  it  was  several  days  before  this  occurred, 
but  this  fly  emerged  very  early  in  the  year.  I  have  never  suc¬ 
ceeded  in  finding  the  larvae  or  puparia  of  M.  devius,  but  the 
puparium  of  M.  mutabilis  has  the  sculpture  confined  to  the  sides 
of  the  puparium,  the  mid-dorsal  surface  being  smooth. 
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MICRO  DON  EGGERI  MIK  (DIPT.). 


Fig.  i. 

Imago  X2. 

Fig.  2. 

Wing,  X5. 

Fig.  3. 

Three  empty  puparia 

Fig.  4. 

Larva,  X2. 

Fig.  5. 

Two  puparia,  X2. 
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A  BIBLIOGRAPHY  OF  ENTOMOLOGICAL 
NOTES  AND  PAPERS  CONTAINED  IN  THE 
SERIAL  PUBLICATIONS  ISSUED  BY  LOCAL 
SCIENTIFIC  SOCIETIES  IN  THE  BRITISH 
ISLES— PART  III. 

Edited  by  B.  M.  Hobby,  M.A.,  D.Phil..,  F.R.E.S. 

F  ORE.WORD. 

Parts  I  and  II  of  this  bibliography  appeared  in  1933  (1932, 
Trans.  Ent.  Soc.  S.  Engl.,  8  (2):  117-39)  and  1934  (Trans.  Soc. 
Brit.  Ent.,  1  (1):  85-102).  This,  the  third  instalment,  deals  with 
the  Naturalist  only,  and,  as  explained  below,  covers  all  issues, 
from  1  st  May,  1864,  to  1st  December,  1930. 

Part  III  follows  the  form  of  Parts  I  and  II,  but  since  all 
entries  refer  to  one  periodical,  repeated  references  to  it  by  name 
are  unnecessary  and  the  various  titles  are  followed  by  figures 
indicating  first  the  volume  (where  numbered),  and  second  the 
page  or  pages.  The  only  other  modifications  are  a  reduction  in 
the  number  of  explanatory  comments  within  square  brackets, 
and  the  reservation  of  the  general  section  for  reports  of  field 
meetings,  reports  of  meetings,  and  annual  reports  of  the  York¬ 
shire  Naturalists’  Union.  Other  entries  relating  to  several  orders 
of  insects  are  repeated  in  the  sections  dealing  with  these  orders. 

The  preparation  of  this  Part  is  entirely  due  to  Dr.  W.  J. 
Fordham,  to  whom  the  editor  desires  to  acknowledge  his  great 
indebtedness.  The  editor  would  welcome  similar  offers  of  assist¬ 
ance  from  naturalists  who  have  access  to  complete  sets  of 
publications  not  yet  indexed. 

Introduction!. — By  W.  J.  Fordham,  M.R.C.S.,  L.R.C.P., 

D.P.H. 

The  Naturalist  has  had  a  consecutive  run  as  the  organ  of  the 
Yorkshire  Naturalists’  Union  and  its  predecessor  the  West 
Riding  Consolidated  Naturalists’  Society  since  August,  1875. 
Previous  to  this  date  there  were  three  volumes  published  in 
Huddersfield  from  May,  1864,  to  April,  1867,  also’  the  publica¬ 
tion  of  the  West  Riding  Consolidated  Naturalists’  Society. 
These  were  not  the  first  publications  of  the  Naturalist,  which 
had  been  issued  previously  as  a  private  venture.  The  first  maga¬ 
zine  bearing  this  title  was  a  written  monthly  periodical  issued 
at  York  by  Lovell  Squire  in  1834,  apparently  only  one  volume 
of  which  was  published.  In  January,  1833,  was  published  the 
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Field  Naturalist,  edited  by  James  Rennie  ;  it  ceased  with  its  six¬ 
teenth  issue.  The  first  printed  publication  with  the  title  of  the 
Naturalist  appeared  between  October,  1836,  and  September, 
1839;  it  was  edited  by  B.  Maund  and  W.  Holt  and  subsequently 
by  Neville  Wood,  latterly  being  printed  at  Doncaster.  In  1851 
another  series  appeared  and  reached  eight  annual  volumes,  the 
first  five  being  edited  by  Beverley  R.  Morris  of  York,  the  remain¬ 
ing  three  by  F.  O.  Morris  (of  ‘  British  Birds  ’  fame).  It  was 
continued  as  The  Magazine  of  Natural  History  and  Naturalist, 
conducted  by  F.  O.  Morris  and  published  in  i860,  of  which  nine 
numbers  appeared. 

All  through  its  career  the  Naturalist  has  had  a  strong  York¬ 
shire  flavour,  and  when  it  became  in  1864  the  organ  of  the 
West  Riding  Consolidated  Naturalists’  Society  that  association 
was  confirmed. 

The  following  index  comprises  the  entomological  articles  since 
May,  1864,  and  further  details  are  here  given  of  the  publication. 

The  Naturalist,  Journal  of  the  West-Riding  Consolidated 
Naturalists'  Society,  and  manual  of  exchange  in  all  depart¬ 
ments  of  Natural  History,  with  which  is  incorporated  the 
Entomologists'  Journal,  Vol.  I,  1st  May,  1864 — 15th  April, 
1865,  and  Vol.  II,  14th  May,  1865 — 15th  April,  1866. 

The  Naturalist,  and  Field  Club  Journal.  With  which  is  in¬ 
corporated  The  Entomologists'  Journal,  Vol.  Ill,  1st  May, 
1866 — 1  st  May,  1867. 

Then  follows  a  hiatus  until  1875. 

The  Naturalist.  Journal  of  the  West  Riding  Consolidated 
Naturalists'  Society  and  General  Field  Club  Record. 

(The  name  of  the  Society  was  changed  to  the  ‘  Yorkshire 
Naturalists’  Union  ’  at  a  meeting  at  Pontefract  on  2nd  April, 
1877.) 

Only  the  first  ten  volumes  were  numbered  and  particulars 
of  these  are  given  below.  The  sub-title  r  General  Field  Club 
Record'  was  modified  in  the  10th  volume  to  (A  Monthly  Journal 
of  Natural  History  for  the  North  of  England.' 

Vol.  I,  August,  1875  —  July,  1876;  Vols.  II -IX,  August, 
1876  —  July,  1884;  Vol.  X,  August,  1884  —  December,  1885. 
The  volumes  from  1886  to  the  present  day  are  not  numbered. 

For  much  information  on  the  earlier  issues  of  the  Naturalist 
the  writer  is  indebted  to  T.(  Sheppard,  1916,  ‘Yorkshire’s  Con¬ 
tribution  to  Science,’  London. 

Aphaniptera. 

Dunlop,  G.  A.  1908.  The  Orkney  vole  and  its  parasites.  19-20. 
Walsh,  G.  B.  1928.  Some  Yorkshire  bat  parasites.  170. 
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Coleoptera. 

Armitt,  M.  L.  1900.  Birds  and  de-abdominated  insects.  270. 

-  1:903.  Cionus  scrophularice  in  Westmorland.  94. 

-  1903.  River  flies  as  the  food  of  the  pied  flycatcher  and 

other  birds.  349-50. 

- 1904.  Geotrupes  typhosus  in  the  Lake  District.  316. 

-  1905.  Additional  notes  on  Rydal  beetles.  56-7. 

Baker,  W.  F.  1893.  Bostrichus  capucinus  in  imported  oak  at 
Hull.  20. 

-  1893.  Sovonia  punctatissima  near  Leeds.  138. 

-  1894.  Hydrobius  fuscipes  ;  notes  on  its  life-history, 

larval  anatomy,  etc.  327-33,  9  figs. 

Balfour-Browne,  F.  1911.  The  aquatic  Coleoptera  of  the  Isle 
of  Man  with  some  remarks  on  the  origin  of  the  fauna. 
i3i"6>  i54"63- 

Barry,  J.  W.  1907.  Sylvan  vegetation  of  Fylingdales,  N.E. 
Yorks.  423-31. 

Bayford,  E.  G.  1888.  Coleoptera  at  Market  Weighton,  August 
6th,  1888.  329. 

-  1890.  Dovcus  parallelopipedus  near  Doncaster.  267. 

-  1891.  Pyropterus  affinis  near  Doncaster.  252. 

-  1894.  Campy lus  linearis  near  Doncaster.  174. 

- 1895.  Monochammus  sartor  in  Yorkshire.  52. 

-  1895.  Cychrus  ro stratus  and  Pristonychus  terricola  in 

south  Yorkshire.  272. 

-  1895.  A  swarm  of  Ocypus  olens.  346. 

-  1896.  Early  appearance  of  Coleoptera.  93. 

-  1896.  Gibbium  scotias  at  Barnsley.  93. 

-  1896.  Acanthocinus  cedilis  near  Barnsley.  210. 

-  1898.  Orchesia  micans  and  Clinocara  undulata  near 

Barnsley.  71. 

-  1898.  Monochammus  sutor  near  Barnsley.  84. 

-  1898'.  Orchesia  micans  and  Clinocara  undulata  :  a 

correction.  116. 

-  1898.  Orchesia  micans  near  Doncaster.  227. 

-  1899.  Galerita  bicolor  at  Doncaster.  332. 

-  1902.  Chrysomela  goettingensis  at  Edlington.  64. 

- I9c>3-  Beetles  and  electric  light.  .166-7. 

- I9°3*  Beetles  in  peat.  407-8. 

-  I9°4-  Notes  on  Blethisa  multipunctata  and  other 

Geodephagous  beetles.  280-2. 

-  1907.  Uncommon  beetles  near  Barnsley.  353. 

-  1907.  Abundance  of  Coccinellidae.  422. 

-  1908.  Coleoptera  in  Yorkshire,  1907.  12-4. 

-  1908.  Pre-occupied  names.  131. 

-  1909.  Beetles  of  Lancashire  and  Cheshire.  108-10. 

-  1909.  Ptilinus  pectinicornis  L.  at  Barnsley.  362. 
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-  1909.  Gracilia  minuta  F.  in  Yorkshire.  362-3. 

-  1911.  Salpingus  ceratus  Muls.  :  an  addition  to  the 

county  list.  296. 

-  1912.  Carpophilus  sexpustulatus  F.,  its  congeners, 

and  their  occurrence  in  the  British  Isles.  141-5. 

-  1913.  Yorkshire  Coleoptera  in  1912.  100-2. 

-  1913*  The  new  ‘Fowler’  and  Yorkshire  Coleoptera. 

255"7* 

-  1914.  Coleoptera  in  Yorkshire  in  1913.  51-4. 

-  1921.  Inmemoriam.  H.  H.  Corbett,  1856-1921.  145-9. 

Beaumont,  A.  1883.  Insect  captures  in  Scotland.  8:  93. 

Black,  J.  E.  1905.  Notes  on  Coleoptera  collected  at  Rydal, 
22nd  to  28th  June,  1904.  54-5. 

Bold,  T.  J.  1865.  Capture  of  a  new  British  Malthodes .  2:  117. 
Bradley,  B.  1864.  An  excursion  to  Sherwood  Forest.  1:  111-5. 
Briggs,  M.  H.  1905.  Wintering  habits  of  the  7-spot  lady-bird. 
87-8. 

Briggs,  T.  R.  A.  1866.  Naturalists’  calendar  for  1866,  kept  at 
Plymouth.  3:  27-9,  46-7,  85-6. 

Britten,  H.  1905.  Coleoptera  in  Cumberland.  312-3. 

Brown,  J.  M.  1918.  Cicindelacampestris  (L.)  in  Derbyshire.  334. 

-  1919.  Some  Derbyshire  plant  galls.  330-2. 

-  1921.  Some  Derbyshire  plant  galls. — II.  13-4. 

-  1925.  Platycis  minuta  F.,  etc.,  at  Sandsend.  369. 

Carr,  J.  W.  .1893.  Acanthocinus  cedilis  at  Nottingham.  304. 

-  1922.  The  insects  of  Martin  Beck,  Notts.  131-2. 

Carter,  C.  S.  1901.  Dorcus  parallelopipedus  near  Louth,  Lines. 
240. 

-  1903.  Pogonus  luridipennis  in  Lincolnshire.  30. 

Carter,  J.  W.  1877.  Carabus  nitens  on  Greetland  and  Rom- 
balds  Moor.  3:  41. 

-  1882.  Clivina  fossor,  Linn.  etc.  7:  201-2. 

-  1882.  Cychrus  rostratus  at  Grassington  and  Gilstead. 

8;  75- 

-  1883.  Wharf edale  entomological  notes.  9:  81-3. 

-  1888.  Some  Ingleborough  Coleoptera.  245-6. 

-  1888'.  Carabus  glabratus  and  other  beetles  in  the  Lake 

District.  246. 

-  1889.  Bembidium  nigricorne  Gyll.  in  Yorkshire.  278. 

-  1895.  Bembidium  nigricorne  in  Yorkshire.  28. 

- 1897.  Carabus  arvensis  near  Bradford.  144. 

-  1904.  Some  Yorkshire  Coleoptera.  Geodephaga. 

148-50. 

-  1904.  Cymindis  vaporariorum  on  Bardon  Moor.  315. 

- -  1908.  Mablethorpe  insects.  50. 

- -  1909.  Gracilia  minuta  F.  in  Yorkshire.  322. 
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-  1909*  Anchomenus  versutus  Gyll,  a  beetle  new  to  the 

north  of  England.  341. 

-  1915.  Lesteva  luctuosa  Fauv.  a  species  new  to  Eng¬ 
land.  104. 

Cassal,  R.  T.  1900.  Beetles  taken  at  Ashby,  Lincolnshire.  318. 
Chappell,  J.  1884.  Reminiscences  of  Burnt  Wood,  Stafford¬ 
shire.  9:  187-90. 

Cheetham,  C.  A.  1921.  Why  is  Boreus  a  winter  insect?  167-8. 
[Coleoptera  taken  with  Boreus .] 

-  1921.  Insect  associations.  186-7. 

-  1923.  Skipwith  insects.  266. 

Clarke,  W.  E.  1888.  Carabus  nitens  in  Swaledale.  220. 
Clarke,  W.  E.,  and  Roebuck,  W.  D.  1883.  Washburndale, 
notes  on  its  physical  features  and  natural  history.  9: 
8-20. 

Clarke,  W.  E.,  Roebuck,  W.  D.,  and  Storey,  W.  1886.  Upper 
Nidderdale  and  its  fauna.  193-21 1. 

Cockerell,  T.  D.  A.  1886.  A  September  walk  through  Lanca¬ 
shire,  Cheshire  and  Staffordshire.  55-9. 

-  1888.  Duplicated  generic  names.  226. 

Coe,  J.  1893.  Lathrobium  rufipenne  in  Lincolnshire.  251. 
Cooke,  B.  1882.  On  the  classification  of  insects.  8:  65-71. 

-  1883.  Habits  of  Psylliodes  hyoscyami.  8:  94. 

Cooke,  N.  1881.  Insect  hunting  in  Scotland.  6:  137-9,  1 48-52. 
Corbett,  H.  H.  1903.  Pogonocherus  bidentatus  Thoms,  near 
Doncaster.  129. 

-  1904.  Rare  insects  at  Doncaster.  348. 

-  1905.  Stenoloplms  elegans  Dej.  an  addition  to  the 

Yorkshire  list  of  Geodephaga.  284. 

-  1906.  Broscus  cephalotes  L.  etc.  near  Doncaster.  223. 

- 1909.  Atomaria  fimetarii  Herb,  at  Doncaster.  442. 

-  1915.  Undesirable  insect  aliens  at  Doncaster.  209. 

-  1918.  Doncaster  natural  history  notes  for  1917.  262-3. 

Corbett,  H.  V.  1903.  Ocypus  similis  F.  near  Doncaster.  129. 

-  1905.  Pyropterus  affinis  near  Doncaster.  407. 

-  1906.  Anchomenus  viduus  (Panz)  at  Hatfield.  263. 

Cordeaux,  J.  1898.  Recent  notes  from  north  Lincolnshire.  261-7. 
Crowther,  H.  .1877.  Wetherby  Coleoptera.  3:  8. 

-  1877.  Carabus  nitens  at  Richmond.  3:  25. 

-  1877.  Clivina  fossor,  Linn.  3:25-6. 

-  1877.  Coleoptera  at  Norland  Moor.  3:  59. 

-  1878.  Whitby.  4:  73-4,  81-5. 

-  1:895.  Monochammus  sutor  in  Yorkshire.  22. 

Curtis,  J.  1899.  Monochammus  sartor  at  Grimsby  Docks.  4. 
Day,  F.  H.  1916.  Cumberland  Coleoptera.  107-10. 

- -  1916.  The  distribution  of  Agabus  arcticus  Pk.  224. 

-  1917*  Cumberland  Coleoptera  in  1916.  93-4. 
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-  1918.  Cumberland  Coleoptera  in  1917.  73-4. 

- 1918-9.  Westmorland  Coleoptera.  1918:  189.-91,  224-6, 

285-8  ;  1919:  77-9,  239-42,  327-8. . 

-  1920.  Distribution  of  Atheta  aubei  Bris.  and  Cercyon 

lugub  ris  .Ol.  270. 

-  1920.  Anomala  aenea  De  G.  (/  ris  chi  Fab.)  and  its 

cyaneous  form  in  Cumberland.  370. 

-  1923.  Insect  Fauna  of  the  Kingmoor  (Cumberland) 

Nature  Reserve.  147-9. 

-  1926.  Cumberland  Coleoptera  in  1925.  89-91. 

-  1927.  Cumberland  Coleoptera  and  Hemiptera  in  1926. 

1 1 1-3. 

-  1928.  Cumberland  Coleoptera  in,  1927.  181-4. 

-  1930.  New  Cumberland  Coleoptera.  231-2. 

D'obree,  N.  F.  1884.  Astynomus  cedilis  at  Hull.  10:  103. 

Drabble;,  E.  and  H.  1918.  Cicindela  campestris  (L.)  in  Derby¬ 
shire.  358. 

Elgee,  F.  1907.  The  driftless  area  of  north-east  Yorkshire  and 
its  relation  to  the  geographical  distribution  of  certain 
plants  and  insects.  137-43. 

-  1907.  Glacial  survivals.  274-6,  314-5. 

Ellis,  J.  W.  1 88-1-6.  Coleoptera  of  Liverpool  and  neighbour¬ 
hood.  1881,  6:  89-92,  103-6,  113-6,  140;  1882,  7: 
105-10;  1883,  8:  113.-8;  1884,  10:  45-57;  1885,  10: 
237“46>  322"5;  1886:  164-170,  245-51. 

-  1889.  Coleoptera  at  Ingleton.  60. 

-  1889.  Coleoptera  in  Kingsdale,  mid  west  Yorkshire. 

60. 

Falconer,  W.  1920'.  Plant  galls  from  Wensleydale.  291-30. 

- - 1920.  Suspected  parasitism  of  the  beetle  Homalota 

trinotata  Kr.  248. 

-  1924.  Plant  galls  of  the  Huddersfield  district.  151-6, 

2i5-8. 

Firby,  E.  F.  1866.  Birds  versus  insects.  2:  331-343. 

Fgrdham,  W.  J.  1910.  Notes  on  Yorkshire  Coleoptera.  23. 

-  1911.  Blethisa  multipunctata  L.  in  east  Yorks.  237. 

-  1912.  Dytiscus  circumcinctus  Ahr.  in  the  East  Riding. 

2°5- 

-  1912.  Coleoptera  at  Riccall  and  Skipwith.  205. 

-  1915.  Yorkshire  Coleoptera  in  1914.  164-7,  198-200. 

-  1916.  Review.  An  exchange  list  of  British  Coleoptera. 

E.  A.  Newbery  and  W.  E.  Sharp.  111-2. 

-  1916.  Coleoptera  in  Yorkshire  in  1915.  204-7,  258~64. 

-  1917.  Yorkshire  Coleoptera  in  1916.  74-76,  160. 

-  1917.  Atheta  britteni  Joy  in  E.  Yorks.  207. 

- 1918.  Yorkshire  Coleoptera  in  1917.  99-102,  135-7* 

-  1919.  Yorkshire  Coleoptera  in  1918.  102-4. 
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- -  1919.  In  memoriam.  William  Ernest  Sharp.  1856- 

1919,  274-5. 

-  1920.  Yorkshire  Coleoptera  in  1919.  199^02,  241-3. 

-  1921.  Yorkshire  Coleoptera  in  1920.  139- 142. 

-  1921.  Dytiscus  dimidiatus  in  east  Yorkshire.  222. 

-  1923*  Yorkshire  Coleoptera  in  1921.  61-6. 

-  1923.  Coleoptera  in  Yorkshire  in  1922.  93-5. 

—  - -  1924.  Galeruca  ( Adimonia )  tcmaceti  L.  in  east  York¬ 

shire.  309-10. 

-  1925.  An  Algerian  beetle  alive  in  Hull.  368-9.  [ Akis 

goryi.] 

-  1929.  Some  east  Yorkshire  Coleoptera.  340. 

-  1930-  Rare  beetles  in  Yorkshire.  212. 

-  1930-  Some  Coleoptera  new  to  Yorkshire.  392. 

-  1930.  British  Coleoptera.  422-3.  [Review  of  Sir 

Thomas  H.  Beare’s  catalogue,  1930.] 

Fowler,  W.  W.  1886.  Harpalus  calceatus  Sturm  iat  Bridlington 
Quay.  65-6. 

- 1887.  Beetles  at  Sherwood  Forest.  88. 

-  1892.  Bagous  petro  from  Askham  Bog,  York.  72. 

- 1892.  Pelobius  tardus  Herbst,  in  Yorkshire.  234. 

-  1897.  President’s  address  to  the  Lincolnshire  Natura¬ 
lists’  Union.  149-56. 

-  1899.  Presidential  address  to  the  Lincolnshire  Natura¬ 
lists’  Union.  37-44. 

Fryer,  R.  J.  1897.  Rhizotrogus  solstitialis  at  Hackness.  370. 
Gardner,  J.  1888.  Quedius  longicornis  at  Hartlepool.  119. 

- 1895.  Monochammus  sutor  and  other  timber-imported 

beetles  at  Hartlepool.  52. 

Goulding,  R.  W.  1901.  Adimonia  tanaceti  near  Louth,  Lincoln¬ 
shire.  190. 

Grace,  G.  1919.  Calosoma  inquisitor  at  Coniston.  292. 
Gyngiell,  W.  1905.  Wintering  habits  of  the  7-spot  lady -bird.  152. 
Harris,  G.  P.  1877.  Carabus  nitens  at  Richmond.  3:  8. 
Hawkes worth,  L.  1895.  A  swarm  of  Ocypus  olens.  301. 

- 1896.  Pyrochroa  serraticornis  near  Ripley.  210. 

Hepworth,  J.  1865.  The  enemies  of  the  larval  frog  and  toad. 
1 :  340-4. 

Hey,  W.  C.  1893,.  Specimen  days  on  the  Yorkshire  coast.  243-6. 

- 1894.  Notes  on  Coleoptera  in  Yorkshire.  60. 

-  1894.  Water-beetles  taken  near  Ayton,  Scarborough. 

201-3. 

- -  1894.  An  addition  to  the  Yorkshire  Hydropori.  283. 

-  1895.  Additions  to  the  list  of  water-beetles  taken  near 

Ayton,  Scarborough.  28. 

—  -  1895.  Recent  captures  of  Geodephaga  on  the  moors  of 

east  Yorkshire.  52. 
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—  -  1895.  Moor  beetles.  181-2. 

-  1895.  Ocypus  pedator  Grav.,  at  York.  200. 

- • -  1895.  Elmidomo rp hus  aubei  ( Bagous  petro)  at  Askham 

Bog-.  242. 

-  1895.  Allerston.  269-70. 

-  1895.  Hydroporus  celatus :  an  addition  to  the  York¬ 
shire  fauna.  346. 
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-  1898.  Snainton  brick-ponds  and  their  beetles.  228. 

-  1900.  New  habitat  for  Hydroporus  septentrionalis . 

318. 
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-  1903-  Coleoptera  near  Carlisle  in  1902.  62. 
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Cumberland  Coleoptera.  55. 

Water  beetles  near  Seascale.  142 
Cumberland  Coleoptera.  181-2. 
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Petty,  S.  L.  1893.  Cychrus  rostratus  near  Ulverston.  111. 
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list  of  Yorkshire  Coleoptera.  190. 

-  1902.  Agabus  congener,  etc. ,  in  Upper  Teesdale.  259. 
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-  1908.  Trichopteryx  bovina  Mots,  in  Yorkshire.  434. 

-  1910.  Homalota  nigricornis  Thoms  in  Yorkshire.  176. 
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-  1912.  Ancistronycha  abdominalis  F.  in  Jarrow.  284. 
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shire  and  Derbyshire.  261-4. 

-  1926.  The  Collembola  of  Derbyshire  and  Yorkshire. 
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Binnie,  F.  G.  1 889.  List  of  Cecidomyidse  found  near  Tadcaster. 

1  or -2. 
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- — —  1920.  Additional  plant-galls  from  the  Scarborough 

district.  73-4. 

- - —  1921.  Some  Derbyshire  plant-galls.— -II.  13-4. 
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Cassal,  R.  T.  1900.  Diptera  taken  at  Ashby,  Lincolnshire.  303. 
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102-6,  115-22. 

-  1878.  Rare  Lepidoptera  at  Wicken  Fen.  4:  24. 

-  1878.  Nonagria  hellmanni  at  Monk’s  Wood.  4:  40. 

-  1879.  A  fortnight  in  the  fens.  4:  116-20,  129-33. 

- -  1880.  Larentia  ruficinctata  in  Yorkshire.  5:  107. 

-  1880.  Lincolnshire  coast  Lepidoptera.  5:  113-6. 

-  1880.  Sesia  sphegiformis  etc.  5:  188. 

- —  1880.  Apatura  iris.  6:8.  [New  Forest.] 

-  1880.  Abundance  of  Acronycta  alni.  6:  28. 

— -  1880.  Dasypolia  templi  e tc.  6:  76. 

-  1881.  Mothing  at  Chattenden.  6i  116-21. 

-  1881.  Polia  flavocihcta  var.  meridionalis  in  Britain. 

6:  122., 

-  1881.  Anarta  melanopa.  6:  188.  [Scotland.] 

-  1881.  Entomological  notes.  6:  189. 

-  1881-82.  Entomological  notes.  1881,  7:  36,  54-5,  83;, 

1882,  7:  201. 


210 


[October, 


1881.  Platypteryx  sicula.  7:  66-7.  [Bristol.] 

1882.  Eupithecia  ext ens aria  at  Spurn.  7:  117. 

1882.  Acronycta  alni.  7:  186.  [Huddersfield.] 

1882.  Scoparia  conspicualis  and  Acronycta  alni  at 
Edlington  Wood.  8:  27. 

1882- 83.  Entomological  notes.  1882,  8:  74-5 ;  1883, 

8: 94-5, io8- 

1883- 84.  Entomological  notes.  1883,  35>  9°  >  1884, 

9:  103-4. 

1883.  Lepidoptera  in  Abbot’s  Wood,  Sussex.  9:  36. 

1883.  Lepidoptera  new  to  Yorkshire.  9:  71. 

1884.  Lasiocampa  ilicifolia.  9:  118.  [Yorkshire.] 

1884.  Laverna  phragmitella  in  Yorkshire.  9:  213. 
1884.  Eupoecilia  dubitana  in  Yorkshire.  10:  15. 

1884.  Phycis  betulella,  etc,,  near  Doncaster.  10:  42. 
1884.  Agdistes  bennettii  at  Redcar.  10:  42. 

1884.  Seasonal  notes  on  Lepidoptera.  (South  west 
Yorkshire).  10:  57. 

1884.  Cr ambus  inquinatellus  at  Huddersfield.  10:  57. 
1884.  Hepialus  humuli.  10:  104.  [Variation.] 

1884.  Stenopteryx  hybridalis  and  Argyresthia  retinella 
at  Huddersfield.  10:  104. 

1884.  Phoxopteryx  diminutana  in  Yorkshire.  10:104. 

1884.  Coleophora  fusco-cuprella:  a  correction.  10:104. 

1885.  Lepidoptera  in  the  Green  Farm  Wood,  Don¬ 
caster,  May  30th,  1885.  10:  292. 

1885.  Heliothis  peltigera  in  Yorkshire.  10:  347. 

1885.  Localities  of  Collix  sparsata  and  Eupithecia 
constrictata.  10:  347. 

1886.  Entomological  notes  from  Huddersfield.  16. 

1886.  Oncocera  ahenella  and  Catoptria  expallidana  in 
Yorkshire.  66. 

1887.  Tortrix  transitana  (divers ana),  Spilonota  rosce- 
colana,  and  Depressaria  vueirella  in  Yorkshire.  21. 

188*7.  Lepidoptera,  etc.,  on  the  north-east  coast  of 
Yorkshire,  in  August  1886.  67-9. 

1887.  Coleophora  obtusella  in  Lincolnshire.  290. 

1888.  Yorkshire  entomological  notes.  12. 

1888.  The  supposed  Yorkshire  Nepticulatormentillce  ; 
and  the  occurrence  of  another  species  new  to  the 
county.  82. 

1888.  An  entomological  expedition  to  north  Wales 
and  the  Isle  of  Man.  103-7. 

1888.  Nepticula  serella.  151.  [Ingleborough.] 

1888.  Deilephila  galii  in  .1888.  298. 

1888.  Euperia  fulvago  and  Acronycta  alni  near  Don¬ 
caster.  331. 
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1889.  Scoparia  ingratalis  in  Yorkshire.  5. 

1889.  The  ‘  radiated  ’  varieties  in  the  genus  Arctia, 
etc.  233. 

1890.  Pterophorus  zophodactylus .  116.  [Yorkshire.] 

1890.  Phoxopteryx  siculana  in  Yorkshire.  267. 

1891.  A  comparison  of  the  Lepidopterous  fauna  of 
Yorkshire  and  Lancashire  and  Cheshire.  15-6. 
[Review.] 

1891.  Collix  sparsata  and  other  Lepidoptera,  Neurop- 
tera,  Trichoptera,  and  Orthoptera,  near  Thorne 
Waste.  1 18. 

1891.  Variation  in  British  Noctuae.  277-8.  [Review.] 

1891.  Pterophorus  paludum  in  Yorkshire.  312. 

1892.  Lepidoptera  at  Horton-in-Ribblesdale.  236. 

1892.  Colias  edusa  at  St.  Anne’s-on-Sea.  278. 

1893.  The  supposed  Scarborough  specimens  of  Liparis 
monacha,  etc.  58. 

1893.  Variation  in  Yorkshire  Lepidoptera.  106. 

1893.  Agrotis  saucia,  etc.,  at  Huddersfield.  362. 

1894.  Scarcity  of  Lepidoptera  in  Sherwood  Forest  in 

1894.  367. 

1894.  Olive-banded  varieties  of  Bomhyx  quercus  in 
mid-west  Yorkshire.  367. 

1895.  Fidonia  pinetaria  at  Scarborough.  80. 

1895.  Peronea  ferrugana  and  Dicrorampha  herbosana 
iat  Huddersfield.  80. 

1895.  Melanie  Phigalia  pilosaria  at  Huddersfield.  132. 
1895.  Acherontia  atropos  at  Huddersfield.  336. 

1898.  Yorkshire  records  of  Lepidoptera.  116. 

1899.  Orthotcelia  sparganiella  near  Huddersfield.  32. 

1899.  Xylophasia  scolopacina  at  Huddersfield.  32. 
1899.  Ephestia  kiihniella  in  Yorkshire.  51. 

1899.  Arctia  lubricipeda  var.  radiata  at  Kirby  Moor- 
side.  68. 

1900.  A  crony  eta  aceris  at  Doncaster:  an  addition  [sic] 
to  the  Yorkshire  list  of  Lepidoptera.  16. 

1900.  Mamestra  abjecta  and  Epunda  lutulenta  in 
Yorkshire.  16. 

1900.  Unusual  abundance  of  Vanessa  atalanta  and 
Macro glossa  stellatarum  in  Yorkshire.  16. 

1900.  Vanessa  antiopa  at  Huddersfield.  62. 

1900.  De-abdominated  insects.  256. 

1901.  Xanthia  aurago  and  Euperia  fulvago  in  the 
Huddersfield  district.  16. 

1901.  Psyche  opacella,  a  Lepidopteron  new  to  York¬ 
shire.  16. 
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1902 .  Contributions  towards  the  entomology  of  Amble- 
side.  3-4. 

1902.  Eupithecia  isogrammata  at  Doncaster  :  an  addi¬ 
tion  to  the  Yorkshire  county  list.  62. 

1902.  Sesia  sphegiformis  at  Bishop’s  Wood,  York¬ 
shire.  368. 

1903.  Liparis  salicis  near  Selby.  264. 

1903.  Laphygma  exigua.  460-1. 

1904.  Xylophasia  zollikoferi.  37-8. 

1904.  Experiments  with  larvae.  33-5,  1  col.  pi. 

1904.  Bistort  hirtaria  at  Scarborough.  157. 

1904.  Dicranura  bicuspis  as  a  Scarborough  moth. 

I57-8- 

1904.  Themelanic  forms  of  Vermsia  cambricaria.  377. 

1905.  The  Yorkshire  specimen  of  Eubolia  mceniata. 
33°* 

1906.  Yorkshire  Lepidoptera  in  1905.  39-41 . 

1906.  Mamestra  furva  and  Cucullia  verb  as  ci  at 

Huddersfield.  132. 

1906.  Geleohia  scalella  Scop,  near  Wakefield  :  an 
addition  to  the  list  of  Yorkshire  Lepidoptera.  200. 

1906.  Melanism  in  Lepidoptera.  302-3. 

1907.  Chcerocampa  eelerio  at  Wakefield.  25. 

1909.  Yorkshire  Micro-lepidoptera.  399. 

1910.  Yorkshire  species  of  the  Hydroecia  nictitans 
group.  217. 

1913.  Yorkshire  Micro-lepidoptera.  218. 

1915.  East  Yorkshire  Lepidoptera.  210. 

1918.  Cucullia  verbasci  at  Huddersfield.  268. 

1920.  Curious  emergence  of  Cucullia  verbasci.  239-40. 
1924.  Deilephila  livornica  at  Normanton.  123. 

1924.  Yorkshire  species  of  the  Hydroecia  nictitans 
group.  .144. 

Porteus,  W.  1864.  Clostera  anachoreta.  1:  28.  [Halifax.] 

-  1864.  Hybridism.  1:  28.  [ Clostera  anachoreta  and 

C.  curtula.] 

Prest,  W.  1875.  L.  quadra  at  York.  1:  27. 

-  1:875.  S.  convolvuli.  1:  27. 

-  1875.  E.  albipunctata.  1:  27. 

-  1879.  Acronycta  alni  at  York.  5:  43. 

- 1879.  Entomological  captures  near  Doncaster.  5:  43. 

-  1880.  Aplecta  occulta  at  York.  6:  28. 

-  1881.  Scoparia  conspicualis  at  York.  7:  66. 

Raynor,  G.  H.  1897.  Occurrence  of  Coremia  quadrifasciaria 
in  mid  Lincolnshire.  58. 

Richardson,. C.  W.  1879.  Acronycta  alni  near  Wakefield.  5:43- 
-  1879.  Entomological  captures  at  Skegness.  5:  43. 
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Richardson,  J.  D.  1865.  Capture  of  A rgynnis  lathonia  at 
Dover.  2:  210. 

Rimmer,  C.  P.  1922.  Lancashire  and  Cheshire  entomology.  84. 
Robinson,  D.  1894.  Mixodia  palustrana  near  Halifax  :  a  species 
new  to  Yorkshire.  68. 

Robson,  J.  E.  1885.  Heliothis  peltigera  in  the  north.  10:  393. 

-  1888.  In  memoriam.  John  Lang.  52-4. 

Roebuck,  W.  D.  1875.  Riccall  Common.  1:  37-40. 

-  1876.  A  field  day  at  Aldborough  and  Boroughbridge. 

2: 33A  52-5- 

-  1877-  The  second  brood  of  Colias  edusa  in  Yorkshire. 

3:  39-40. 

-  1881.  Occurrence  of  Sphinx  convolvuli  near  Leeds. 

7:  54. 

-  1882.  Supposed  occurrence  of  Dasypolia  templi  near 

Pateley  Bridge.  7:  146. 

- -  1884.  The  holly  blue  butterfly  in  Nidderdale.  9:  194. 

-  1884.  Agrotis  ripce  at  Spurn  :  a  correction.  10:  104. 

-  i885.  Bibliography  of  1884  :  papers  and  records  pub¬ 
lished  with  respect  to  the  natural  history  and  physical 
features  of  the  north  of  England.  Part  V. — Lepidop- 
tera.  10:  285-92. 

- -  1888-96.  Bibliography  :  papers  and  records  published 

with  respect  to  the  natural  history  and  physical  fea¬ 
tures  of  the  north  of  England.  Lepidoptera  [1885, 
1886,  1887]  1888:  58-78;  [1888]  1890:  279-99; 
[1889]  1891:  157-65;  [1890]  1893:  177-202;  [1891] 
1894:  305-25;  [1892]  1896  :  211-32. 

-  1901.  Sphinx  convolvuli  in  Leeds.  288. 

Ross,  J.  G.  1879.  Abundance  of  Lithosia  quadra  in  the  New 
Forest.  5:  60. 

Rowntree,  J.  H.  1887.  Acronycta  alni  and  other  moths  near 
Scarborough.  290. 

-  1891.  Lepidoptera  in  Upper  Swaledale,  August  1890. 

354- 

1896.  Capture  of  Clifden  nonpareil  at  Scarborough. 
354- 

-  1897.  Vanessa  antiopa  near  Scarborough.  308. 

-  1899.  Vanessa  antiopa  at  Scarborough.  298. 

SeLiF,  E.  1892.  Colias  edusa  at  Aberford,  Yorkshire.  278. 
Sewell,,  J.  T.  1886.  Scoria  death  at  a  at  Whitby.  251. 

-  1886.  Spilodes  palealis  near  Whitby.  276. 

Shelton,  G.  1898,  Vanessa  antiopa  at  Croxby,  Lincolnshire. 
138, 

Sheppard,  T.  1926.  Oleander  hawk  moth  at  Hull.  352. 

-  1927.  The  insects  of  east  Yorkshire.  257-65. 

Shuffrey,  W.  A.  1912.  Death’s  head  moth  at  Arncliffe.  252. 
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Slater,  G.  W.  1889.  Colias  edusa  at  Malton.  291. 

Smallwood,  R.  W.  G.  A.  1875.  Sphinx  convolvuli  at  Barrow 
on  Trent.  1 :  40. 

Smart,  H.  D.  1918.  The  pairing-  of  the  genus  Hepialus.  269-70. 

-  1918.  Polyommatus  phlaeas  in  Yorkshire.  358-9. 

-  1921.  ‘  Burnets  ’  of  Filey,  Yorks.  367-8. 

-  1922.  South-West  Yorkshire  Entomological  Society. 

1 10. 

-  1925.  Sexual  attraction  in  Lepidoptera.  254. 

Smethurst,  C.  1880.  Coremia  munitata,  correction.  6:  60. 

-  1885.  Lepidoptera  near  Ilkley.  10:  246. 

-  1890.  Collets'  edusa  near  Arthington,  etc.  44. 

Smith,  A.  190.1.  Colias  hyale  near  Grimsby.  255. 

-  1902.  Half-a-day’s  ramble  at  Mablethorpe.  303-4. 

Smith,  S.  1865.  The  death’s  head  hawk  moth,  etc.  2:  133. 

-  1866.  Vanessa  ur tic ee.  2:366. 

Smith,  W.  H.  1889.  Colias  edusa  near  Lincoln.  352. 

Soppit,  A.  T.  1877.  Colias  edusa  at  Saltaire.  3:  7. 

Sowerby,  F.  W.  1902.  Zeuzera  cesculi  and  other  Lepidoptera 
near  Caistor,  Lincolnshire.  368. 

Stabler,  G.  1900.  Hummingbird  hawkmoth  near  Milnthorpe, 
Westmorland.  256. 

Stainforth,T.  1928.  Migrant  butterflies  and  hawk  moths.  341--. 

Stewart,  J.  1865.  Occurrence  of  Choerocampa  celerio,  at  Perth. 
2:  1 16.  [Also  larvae  of  Vanessa  cardui.~\ 

Stow,  S.  E.  1901.  Colias  edusa  and  Vanessaio  in  south  Lincoln¬ 
shire.  55. 

-  1901.  Small  elephant  hawkmoth  near  Sleaford,  south 

Lines.  255. 

-  1901.  Hawkmoth  chrysalids  and  hummingbird  hawk¬ 
moth  in  south  Lincolnshire.  363. 

St.  Paul,  H.  1900.  Hummingbird  hawkmoth  at  Ripon.  287. 

— -  1904. ,  Hummingbird  hawkmoth  at  Ripon.  347. 

St.  Quintin,  W.  H.  1911.  Entomological  notes.  408. 

-  1920.  The  red  admiral  butterfly  in  Yorkshire.  268. 

-  1922.  Sphinx  convolvuli  in  N.  Yorks.  307. 

Stubbs,  F.  J.  1926.  Exotic  moth  in  Oldham.  53.  [ Othreis 

maternoA.  ] 

SwiNTON,  A.  H.  1881.  A  physiological  arrangement  of  Lepidop¬ 
tera.  7 :  45-7. 

- 1882.  The  trip  of  the  season  :  or  the  phantom  cicada. 

8:  35-6. 

-  1883.  A  physiological  arrangement  of  the  British 

Lepidoptera.  8:  98-100. 

Talbot,  W.  1877.  Acronycta  alni  and  Colias  edusa  at  Wake¬ 
field.  3:  40. 

-  1877.  Colias  edusa  (second  brood)  at  Wakefield.  3:  40. 
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- -  1 877.  Another  A  crony  eta  alni  at  Wakefield.  3:  40. 

Taylor,  j.  W.  1877.  Notes  on  Swiss  Mollusca.  3:  34-9. 

- - -  1918.  Scent  glands  in  Lepidoptera  :  their  character 

and  functions.  313-5. 

Taylor,  S.  V.  1900.  C alias  edusa  in  the  Isle  of  Man.  292. 
Thompson,  B.  B.  1888.  Deilephila  galii  at  Harrogate.  268. 
-  1889.  Colias  edusa  near  Harrog'ate.  291. 

—  -  1894.  Mixodia  palustrana  not  a  Yorkshire  insect :  a 

correction.  158. 

Thornes,  A.  E.  1930.  Convolvulus  hawk  moth  in  Yorkshire.  404. 
Thornley,  A.  1900.  Death’s  head  hawkmoth  in  Notts.  292. 

• - - - —  1900.  Some  notes  on  early  Lepidoptera  :  Pyrameis 

atalanta.  300. 

- -  1901.  Gonoptera  libatrix  at  Manton  Common.  55. 

- —  1901.  Sphinx  convolvuli  near  Boston,  north  Lincoln¬ 
shire.  288. 

-  1903.  Entomology  at  Little  Bytham,  Lincolnshire. 

382-3- 

Threlfall,  j.  H.  1878.  Habits  and  breeding  of  Micro-lepidop- 
tera.  4:  54-6,  65-6. 

Tindall,  F.  1866.  Occurrence  of  Gonoptera  libatrix  at  Hudders¬ 
field.  2:  331. 

Tindall,  G.  1883.  Occurrence  of  Chesias  obliquaria  at  Don¬ 
caster.  9:  36. 

- —  1884.  Coleophora  currucipenella  at  Doncaster.  9:  104. 

Townsend,  H.  G.  1901.  Death’s  head  moth  near  Wakefield.  291. 
Tug  well,  W.  H.  1877.  Captures  of  rare  Lepidoptera  at  Deal. 
3:  41. 

Tutt,  J.  W.  1890.  Cr ambus  salinellus  near  Preston.  334. 

-  1898.  Information  wanted  as  to  Yorkshire  records  for 

Lepidoptera.  72. 

Ullyett,  H.  1865.  The  butterflies  of  High  Wycombe,  Bucks. 
1 :  260-1. 

-  1865.  The  abundance  of  larvae  in  1864.  1:  286-7. 

—  - 1865.  A  week  in  the  Cotswolds.  2:  91-4. 

Varley,  J.  1864.  Lepidoptera.  1:  7. 

- 1864.  Remarkable  varieties  of  Abraxas  grossulariata 

and  Arctia  caja.  1:  136-7,  1  col.  pi. 

- 1865.  Three  days  in  Sherwood  Forest,  t:  268-9. 

-  1876.  Eleven  days  in  Cumberland.  2:  18-22,  56. 

-  1878.  Notes  on  the  natural  history  of  Bingley.  3:  106-8. 

- -  1882.  Acker ontia  atropos  at  Huddersfield.  8:  56. 

Wade,  E.W.  1928.  Clouded  yellow  butterfly  in  Hold erness.  342. 

-  1929.  Dark  green  fritillary  x  meadow  brown.  334. 

Waite,  E.  R.  1892.*  Sphinx  convolvuli  at  Newton  Kyme,  near 
Tadcaster.  54. 

Wallis,  H.  H.  1921.  Insect  associations.  99-101. 
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Walsh,  G.  B.  1920.  The  small  elephant  hawk  moth  in  the 
Scarboro’  district.  27 1. 

-  1920.  Plusia  moneta  F.  at  Scarborough  and  Driffield. 

27*- 

-  1920.  Silver-striped  hawk  moth  in  Scarborough.  352. 

- 1923.  Some  Scarborough  insect  notes.  90-1. 

-  1925.  Some  Scarborough  hawkmoths  in  1924.  86-7. 

-  1928.  Hawk  moths  at  Scarborough  in  1927.  48. 

Walter,  J.  C.  1899.  Hummingbird  hawkmoth  near  Horncastle. 
276. 

-  1900.  Limenitis  sibilla  at  Langton,  Horncastle.  227. 

Waters,  A.  H.  .1884.  Notes  from  Cambridge.  9:  136-7. 

-  1884.  Effect  of  the  mild  winter  on  insect  life.  9:  178. 

-  1884.  Insects  at  Cambridge.  9:  213. 

Wattam,  W.  E.  L.  1901.  Lepidoptera  observed  in  the  Hudders¬ 
field  district.  255. 

-  1905.  Hadena  protea  at  Newsome.  28. 

-  1906.  Selenia  lunaria  at  Denby  Dale.  267. 

-  1907.  Acker ontia  atropos  at  Paddock,  Huddersfield. 

375- 

— -  1921.  Vanessa  polychloros  at  Newsome.  285. 

-  i925-  Saturnia  carpini  in  the  Huddersfield  district.  122. 

-  1927.  Chcerocampa  elpenor  (elephant  hawk  moth).  245. 

- 1930.  Early  appearance  of  Acronycta  rumicis.  398. 

Welch,  F.  D.  1918.  Winter  habit  of  the  larva  of  Zeuzera  pyrina 
(or s cult).  299. 

— * -  1918.  Cause  of  coloration  of  P.  phlaeas.  359. 

-  1918.  Vibration  or  scent  in  animals.  360. 

- - —  1918.  Late  appearance  of  Gonepteryx  rhamni.  393. 

- — * —  1918.  Goat  moth  odour.  393. 

- <  1922.  Clouded  yellow  butterfly  and  hibernation.  333. 

Wellman,  J.  R.  1879.  Occurrence  of  Boletobia  fuliginaria.  5: 
23- 

Wiheeler,  G.  D.  1876.  Capture  of  Pachnobia  alpina  and  Noctua 
sobrina.  2:  24. 

Wheldon,  J.  A.  1901.  Abundance  of  Vanessa  io  at  Silverdale, 
west  Lancs.  192. 

Whitaker,  A.  1901.  Larvae  of  Sphinx  convolvuli  in  Yorkshire. 
289-90. 

- —  1906.  Aplecta  nebulosa  var.  robsoni  at  Wakefield.  26. 

White,  A.  1900.  Death’s  head  moth  at  Horsford,  Leeds.  300. 
White,  F.  B.  W.  1864.  A  list  of  the  macro-lepidoptera  which 
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Cooke,  B.  1882.  Contribution  to  ia  list  of  the  Neuroptera  (in 
the  Linnean  sense)  of  Lancashire  and  Cheshire.  7: 
non,  12 1-2. 

-  1882.  On  the  classification  of  insects.  8:  65-71. 

Dennis,  G.  C.  1896.  Abundance  of  Halesus  guttatipennis  at 
Pickering.  34. 

Fordham,  W.  J.  1920.  Trichoptera,  etc.,  in  east  Yorkshire. 
141-2. 

-  1925.  Neuroptera,  Trichoptera,  etc.,  at  Middleton-in- 

Teesdale.  314. 

Kew,  H.  W.  1886.  A  half  day’s  ramble  on  the  Lincolnshire 
coast.  171-3. 

Mason,  J.  E.  1896.  Orthoptera,  Neuroptera  and  Trichoptera  of 
the  Alford  district  of  north  Lincolnshire.  129-32. 

- — *  1900.  Leptocerus  dissimilis  near  Lincoln.  252. 

Mosley,  S.  L.  1883.  An  attempt  to  classify  the  British  Lepidop- 
tera,  so  as  to  form  a  connection  with  the  Trichoptera 
at  one  end,  and  the  Hymenoptera  at  the  other.  8: 
87-9. 

Porritt,  G.  T.  1881.  Entomological  notes.  7:  83. 

-  1883.  Entomological  notes.  8:  94-5. 
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-  1887.  Lepidoptera,  etc.,  on  the  north-east  coast  of 

Yorkshire,  in  August  1886.  67-9. 

- - -  1888.  An  entomological  expedition  to  north  Wales  and 

the  Isle  of  Man.  103-7. 

-  1891.  Collix  sparsata  and  other  Lepidoptera,  Neurop- 

tera,  Trichoptera,  and  Orthoptera,  near  Thorne 
Waste.  1 18. 

-  1896.  Stenophylax  vibex  at  Huddersfield.  372. 

-  1897.  Preliminary  list  of  the  Neuroptera  and  Trichop¬ 
tera  of  Yorkshire  (omitting  Psocidge  and  Ephemer- 
idse.)  115-25. 

-  1898.  CEcetis  ochracea,  etc.,  near  Huddersfield.  26. 

-  1898.  Limnophilus  bipunctatus  near  Selby  :  another 

addition  to  the  Yorkshire  list.  26. 

-  1898.  Neuroptera  and  Trichoptera  at  Skipwith,  near 

Selby.  356, 

-  1899.  Colpotaulius  incisus,  a  Trichopteron  new  to 

Yorkshire,  etc.  19. 

-  1899.  Halesus  guttatipennis  in  Derbyshire.  51. 

-  1900.  Limnophilus  luridus  and  Molanna  angustata  at 

Huddersfield.  .12. 

-  1901.  Cumberland  Trichoptera.  64. 

-  1902.  Contribution  towards  the  entomology  of  Amble- 

side.  3-4. 

- -  1902.  Neuroptera  and  Trichoptera  at  Huddersfield 

I44* 

-  1902.  Phryganea  minor  and  Limnophilus  bipunctatus 

at  Skipwith,  east  Yorkshire.  144. 

-  1904.  Tinodes  aureola  near  Scarborough  :  a  Trichop¬ 
teron  new  to  Yorkshire.  40. 

-  1905.  Lype  phceopa  in  Yorkshire.  44. 

-  1905.  Nottinghamshire  Neuroptera  and  Trichoptera. 

360. 

- - -  1907.  Halesus  digitatus  at  Huddersfield.  .156. 

-  1910.  Cumberland  Trichoptera.  29. 

-  1911.  Cumberland  Neuroptera  and  Trichoptera.  237-8. 

-  191 1.  Limnophilus  politus  at  Tadcaster.  379. 

-  1913.  Cleveland  Neuroptera  and  Trichoptera.  352. 

-  1914.  Lincolnshire  Neuroptera  and  Trichoptera.  226. 

Roebuck,  W.  D.  1888.  Bibliography  :  papers  and  records  pub¬ 
lished  with  respect  to1  the  natural  history  and  physical 
features  of  the  north  of  England.  Neuroptera  and 
Trichoptera,  1884,  1885,  1886,  and  1887.  285-6. 

-  1893.  Bibliography  :  papers  and  records  published 

with  respect  to  the  natural  history  and  physical  fea¬ 
tures  of  the  north  of  England.  Neuroptera  and 
Trichoptera,  1888,  1889,  1890,  1891,  and  1892.  301-3. 
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SwiNTON,  A.  H.  1883.  Caddis  fly  hunting  in  1882.  8:  161-2. 
Williamson,  M.  E.  1908.  Metamorphosis  of  the  Caddis.  26-7. 

See  also  general  papers: — 93,  95,  97,  104,  105,  109,  no,  112, 
114,  117,  121,  123,  125,  127,  129-131,  139,  144,  145, 
152- 

General. 

Field  Meetings. 

85.  Baker,  W.  F.  1893-94.  The  Yorkshire  Naturalists’  Union 

at  [Aysgarth.]  1893:  222-32  [Col.,  Lep.]  ;  [Sed- 
bergh.]  1894:  221-31  [Col.,  Lep.,  Plecop.]. 

86.  -  1893.  Formation  of  a  Lincolnshire  Naturalists’ 

Union.  253-61.  [Col.,  Lep.] 

87.  -  1893-94.  Lincolnshire  Naturalists  at  [Woodhall 

Spa.]  1893:  309-14  [Col.,  Hem.]  ;  [Cleethorpes.] 
1894:  349-52  [Col.,  Lep.]. 

88.  -  1 893-95.  Yorkshire  Naturalists  at  [Kirby  Moor- 

side.]  1893:  317-23  [Col.,  Lep.]  ;  [Knaresborough.] 
1895:  145-9,  1  maP  [Col.,  Lep.]. 

89.  -  1894.  Yorkshire  Naturalists’  Union  at  Pockling- 

ton.  61-7.  [Col.,  Lep.,  Odon.,  Orth.] 

90.  -  1894.  Lincolnshire  Naturalists’  Union  at  Lincoln. 

251-6.  [Col.,  Hem.,  Lep.] 

91.  Brode,  T.  A.  1902.  Yorkshire  Naturalists  at  Coxwold 

and  Kilburn.  277-84,  1  fig.  [Col.] 

92.  Corbett,  H.  H.  1902.  Yorkshire  Naturalists  at  [Conis- 

brough  and  Doncaster.]  117-24,  1  fig.  [Col.]  ; 

[Bawtrey.]  373-5  [Col.,  Hem.,  Hym.]. 

93.  C - ,  W.  B.  1904.  Yorkshire  Naturalists  at  Hebden 

Bridge,  nth  June  1904.  196-200.  [Col.,  Plecop., 

Trich.  ] 

94.  Davy,  J.  B.  1892.  Lincolnshire  Naturalists  at  Gibraltar 

Point.  45-54,  1  map.  [Col.,  Hem.] 

95.  Falconer,  W.  1922.  Naturalists’  Field  day  in  Askham 

Bog.  327-30.  [Col.,  Dipt.,  Hem.,  Hym.,  Lep.,  Neur., 
Odon.,  Trich.] 

96.  Fordham,  W.  J.  1930.  Entomologists  at  Allerthorpe  Com¬ 

mon.  429-30.  [Col.,  Dipt.,  Hem.,  Hym.,  Lep.,  Neur., 
Psocop.  ] 

97.  Gibbs,  T.  1902.  Yorkshire  Naturalists’  Union  at  Masham. 

15-20.  [Hym.,  Lep.,  Odon.,  Trich.] 

98.  Goulding,  R.  W.  1896.  Lincolnshire  Naturalists  at 

Grantham.  273-6.  [Col.,  Hem.,  Lep.,  Odon.] 

99.  - 1901.  Lincolnshire  Naturalists’  Union  at  Mable- 

thorpe.  151-4.  [Col.,  Dipt.,  Hym.,  Lep.,  Odon., 
Orth.] 
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100.  Hawkesworth,  L.  1894.  Yorkshire  Naturalists  in  Mid- 

Ribblesdale.  7-1 1.  [Col.,  Dipt.,  Hym.] 

101.  Hincks,  W.  D.  1926-27.  Entomologists  at  [Allerthorpe 

Common]  1926:  284-6  [Col.,  Dipt.,  Hem.,  Hym., 
Lep.,  Mecop.,  Orth.]  ;  [Buttercrambe  Woods.]  1927: 
243  [Col.,  Dipt.,  Hem.,  Hym.]. 

102.  -  1928.  Entomology,  etc.,  of  Buttercrambe  Woods, 

E.  Yorks.  281-3.  [Col.,  Dipt.,  Hem.,  Hym.,  Mecop., 
Neur. ,  Orth.,  Psocop.] 

103.  - —  1929.  Excursion  to  Sandburn  Wood,  York.  Y.N.U.: 

Entomological  and  Plant  Galls  Section.  349-50.  [Col. , 
Dipt.,  Hem.,  Hym.,  Neur.,  Orth.,  Psocop.] 

104.  Knubley,  E.  P.  1889.  The  Yorkshire  Naturalists’  Union 

at  [Robin  Hood’s  Bay.]  227-32  [Lep.,  Trich.]  ; 
[Kirkham  Abbey  and  Acklam  Brow.]  340-4  [Col., 
Lep.]. 

105.  Knubley,  E.  P.,  and  Waite,  E.  R.  1891.  The  Yorkshire 

Naturalists’  Union  at  Malham  and  Gordale.  171-8. 
[Col.,  Lep.,  Plecop.,  Trich.] 

106.  Lees,  F.  A.  1901.  Wetherby  re-visited  by  the  Yorkshire 

Naturalists.  325-32.  [Col.,  Lep.] 

107.  Mason,  F.  A.  1921-27.  Yorkshire  Naturalists  at  [Red- 

car.]  1921:  310-2  [Dipt.]  ;  [Middleham.]  1927:  23-5 
[Col.,  Dipt.,  Hem.,  Hym.];  [Sedbergh.]  1927: 
353-62  [Col.,  Collem.,  Dipt.,  Hem.,  Hym.,  Lep., 
Orth.,  Psocop.,  Thysanura]. 

108.  -  1926.  Naturalists  at  Castle  Howard.  310-2.  [Col., 

Hem.] 

109.  -  1927.  Natural  history  of  Grass  Wood  and  its  en¬ 

virons.  205-14,  239-42,  2  figs.  [Col.,  Collem.,  Dipt., 
Ephem. ,  Hem.,  Hym.,  Lep.,  Mecop.,  Plecop.,  Thy¬ 
sanura,  Trich.] 

110.  Mason,  F.  A.,  and  Brown,  J.  M.  1929.  Yorkshire 

Naturalists  at  Hellifield.  177-81.  [Col.,  Collem., 
Dipt.,  Hem.,  Hym.,  Ephem.,  Thysanura,  Trich.] 
hi.  Mason,  F.  A.,  and  Stainforth,  T.  1927.  Allerthorpe  Com¬ 
mon.  303-9,334-6.  [Col.,  Dipt.,  Hym.,  Lep.,  Neur.] 
112.  Pearsall,  W.  H.,  and  Mason,  F.  A.  1921-30.  [Yorks. Nats.] 
[at  Dent.]  1921:  273-81  [Col.,  Dipt.];  [at  Went¬ 
worth.]  1921:  307-9  [Col.,  Dipt.,  Hem.,  Hym.,  Lep., 
Neur.,  Odon.,  Trich.];  [at  York.]  1921:  347-51, 
376-8,  1  fig.  [Col.,  Dipt.,  Lep.]  ;  [atBingley.]  1922: 
229-32  [Dipt.,  Hym.]  ;  [at  Thornton  Dale.]  1922: 
289-96  [Col.,  Hem.]  ;  [at  Filey.]  1922:  317-20, 
2  figs.  [Lep.l  ;  [in  Bishopdale.]  1922:  383-8  [Dipt., 
Hem.,  Hym.]  ;  [at  Helmsley.l  1923:  246-55  [Col., 
Dipt.]  ;  [in  Upper  Nidderdale.]  1923:  306-8  [Col.]  ; 
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[at  Penistone.]  1923:  340-4  [Collem.,  Hem.,  Lep., 
Thysanura]  ;  [at  Bedale. ]  1928:378-83  [Dipt.,  Hem., 
Hym.]  ;  [at  Holme-on-Spalding  Moor.  ]  1924:  269-72 
[Col.,  Dipt.]  ;  [at  Ravenscar.]  1924:  272-8  [Col., 
Dipt.,  Hem.,  Hym.,  Lep.,  Odon.,  Trich.]  ;  [at 
Scarthingwell  Park]  1924:  343-5  [Dipt.,  Hem., 

Hym.]  ;  [in  Teesdale. ]  1924:  346-50  [Col.,  Dipt., 
Hem.,  Hym.,  Lep.]  ;  [at  Egton  Bridge.  1925:  185-8 
[Col.,  Hem.]  ;  [at  Horbury.]  1925:  239-40  [Dipt., 
Lep.]  ;  [in  Cleveland.]  1928:  201-6  [Col.,  Collem., 
Dipt.,  Ephem.,  Hem.,  Hym.,  Neur.,  Plecop.,  Trich.  ]  ; 
[at  Easington  and  Spurn.]  1928:  273-8  [Col., 
Collem.,  Dipt.,  Hern.,  Hym.,  Lep.,  Odon.,  Orth.]  ; 
[at  Richmond.]  1928:  278-8.1,  343-8  [Collem.,  Dipt., 
Hem.,  Hym.,  Neur.,  Orth.,  Psocop.]  ;  [at  Aust- 
wick.]  1928:  349-50  [Dipt.,  Ephem.,  Plecop.,  Trich.]  ; 
[at  Cawthorne.]  1928:  379-83  [Col.,  Dipt.,  Hem., 
Hym.,  Neur.,  Psocop.]  ;  [at  Pickering,  Yorks.]  1929: 
277-82,  313-6)  345-7)  1  figf-  [Col.,  Collem.,  Hem., 
Hym.,  Lep.,  Thysanura]  ;  [at  Baugh  Fell.]  1929: 
347-8  [Col.,  Plecop. ,  Trich. ]  ;  [atMarr.]  1929:  378-9 
[Col.,  Dipt.,  Hem.,  Hym.,  Neur.,  Psocop.];  [at 
Driffield.]  1930:  19-26  [Col.,  Collem.,  Dipt.,  Hem., 
Hym.,  Lep.,  Orth.,  Psocop.]  ;  [at  Barnard  Castle.] 
1930:  235-9  [Col.,  Collem.,  Ephem.,  Hem.,  Hym., 
Plecop.,  Thysanura]. 

1 13.  -  1925.  Middleton-in-Teesdale  and  its  natural  his¬ 

tory.  214-8,  249-52.  [Col.,  Collem.,  Dipt.,  Hem., 
Lep.,  Thysanura.] 

1 14.  -  1930.  Natural  history  of  Horton-in-Ribblesdale. 

29 7,  300.  [Col.,  Dipt.,  Ephem.,  Hem.,  Hym.,  Lep., 
Mecop. ,  Neur.,  Odon.,  Plecop.,  Trich.] 

1 15.  Preston,  H.  1901.  Lincolnshire  Naturalists  at  [Little  By- 

tham.]  57-62,  2  figs.  [Col.,  Dipt.,  Hem.,  Lep.,  Orth.]  ; 
[Scunthorpe.]  109-14,  2  figs.  [Col.,  Dipt.,  Hem., 
Hym.,  Lep.,  Odon.,  Orth.]. 

1 16.  Roebuck,  W.  D.  1882.  Yorkshire  Naturalists’  Union. 

Thirsk.  O'ct.  7.  8:  62-4.  [Col.,  Hym.] 

1 17.  -  1884-95.  The  Yorkshire  Naturalists’  Union  [at 

Spurn  Point.]  1884,  8:  92-3  [Col.,  Hym.,  Lep.]  ;  [at 
Askern.]  1886:  189-90  [Lep.]  ;  [at  Flamborough 
Head.]  1886:  216-9  [Lep-]  ;  [in  Upper  Nidderdale.] 
1886:  253-5  [Lep.]  ;  [at  Pickering.]  1886:  273-5 
[Lep.]  ;  [at  Saltburn.]  1887:  217-24  [Lep.]  ;  [at 
Welton  Vale.]  1888:  45-8  [Dipt.]  ;  [at  Llatfield 
Chace. ]  1888:  83-9  [Hym.,  Lep.]  ;  [in  Lower  Wens- 
leydale.]  1888:  171-7  [Lep.]  ;  [at  Market  Weighton.] 
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1888:  277-82  [Col.,  Lep.]  ;  [in  Upper  Teesdale.] 
1889:  279-91  [Col.,  Hem.,  Lep.,  Orth.]  ;  [at  Kildale- 
in  -  Cleveland.  ]  1890:  269-76  [Col.,  Lep.];  [at 

Withernsea.]  1892:  293-9  [Col.,  Lep.]  ;  [at  the  Hole 
of  Horcum.]  1895:  203-12,  1  map  [Col.,  Ephem., 
Lep.,  Orth.,  Trich.]. 

1 18.  -  1887-95.  Yorkshire  Naturalists  [at  Gormire  Lake 

and  Thirkleby  Park.]  1887:  235-44  [Lep.];  [at 
Aske'rn.]  1893:  283-93  [Col.,  Lep.]  ;  [’  Union  at 
Ferrybridge.]  1895:  1 07-11,  1  map  [Col.]. 

1 19.  -  1888.  Yorkshire  and  Lancashire  Naturalists  at 

Saddleworth.  211-6.  [Lep.] 

120.  Roebuck,  W.  D. ,  and  Clarke,  W.  E.  1884-85.  The  York¬ 

shire  Naturalists’  Union  [.  Sherburn.]  1884,  9:  216- 
20-  [Lep.]  ;  [at  Hawes.]  1884,  10:  17-8  [Lep.]  ;  [at 
Helmsley.]  1884, 10:40-2  [Lep.]  ;  [at Anston Stones.] 
1885,  10:  260-2  [Lep.]  ;  [at  Boroughbridge.]  1885, 
10:  279-81  [Col.,  Lep.'  ;  [at  Pocklington.]  1885,  10: 
307-9  [Lep.]  ;  [at  Whitby.]  1885,  10:348-50  [Lep.]  ; 
[at  Blubberhouses,]  1885,  379-82  [Col.,  Lep.]. 

121.  Sheppard,  T.  1901-19.  Yorkshire  Naturalists  [at  Brough.] 

1901:  219-29,  1  fig.  [Col.,  Neur.,  Orth.,  Trich.]  ;  [at 
North  Grimstone.]  1902:  293-301,  1  fig.  [Lep.,  Neur., 
Plecop.,  Trich.];  [at  Filey.  30th  May — 1st  June 
1903.]  1903:  241-51,  1  pi.  [Col.,  Lep.];  [at  Goath- 
land.]  1903:  300-3  [Col.]  ;  [at  Bowes.]  1903:  353-5 
[Col.,  Lep.]  ;  [at  Wharncliffe.]  1903:  397-402  [Col., 
Lep.,  Neur.,  Trich.]  ;  [at  Harwood  Dale,  21  st-23 rd 
May.]  1904:  179-88,  1  fig.  [Col.,  Lep.]  ;  [at  Spurn. 
1904:  233-8,  1  pi.,  1  fig.  [Col.,  Lep.]  ;  [at  Buckden. 
1904:  271-80,  2  figs.  [Lep.,  Plecop.,  Trich.]  ;  [at 
Dent.]  1904:  299-304,  1  fig.  [Col.,  Lep.]  ;  [at  Ripon.] 
1905:  175-82,  1  fig.  [Col.]  ;  [at  Askrigg,  ioth-i2th 
June  1905.]  1905:  209-16,  1  pi.  [Col.]  ;  [at  Loftus, 
8th-ioth  July  1905.]  1905:246-53,  1  fig.  [Col.,  Lep.]  ; 
[at  Barnsley.  ]  1905:293-8  [Col.,  Hem.,  Lep.,  Odon., 
Trich.]  ;  [at  Ingleton,  May  12-14,  1906.]  1906:  189- 
93,  1  fig.  [Col.,  Hym.]  ;  [at  Flamborough.  June  2-4, 
1906.]  1906:  240-8,  2  figs.  [Hym. 

June  30,  1906.]  1906:  271-5,  1  fig. 

Lep, ' 

Lep 


at  Fewston. 
Col.,  Dipt., 

[at  Askern.]  1906:  369-74  [Col.,  Hym., 
;  [at  Guisborough.]  1906:  391-6,  433-6  [Col., 
Plym.,  Lep.,  Neur.,  Trich.]  ;  [at  Robin  Hood’s  Bay.] 
1907:  198-202  [Col.]  ;  [at  Market  Weighton.]  1909: 
232-4,  1  fig.  [Col.]  ;  at  Cawthorne.]  1909:  393-7 
[Col.,  Hym.]  ;  [at  Malham.]  1910:  333-8  [Col., 
Lep.,  Neur. ,  Plecop.,  Trich.]  ;  [at  Scunthorpe.]  1910: 
391-8,  1  fig.  [Col.,  Lep.,  Orth.]  ;  [at  Harewood 


230 


[October, 


Park.]  1911:  233-6  [Hym.]  ;  [at  Ingieton.]  1911: 
324-6  [Neur.,  Piecop.,  Trich.]  ;  [at  Huddersfield.] 
1911  :  363-6  [Col.,  Neur.,  Piecop.,  Trich.]  ;  [at 
Spurn.]  1919:  386-9  [Dipt.,  Lep.] . 

122.  -  1907-10.  Natural  history  of  [Thorne  Waste.]  1907: 

316-24  [Col.,  Lep.]  ;  [Runswick.]  1909:309-13,  1  fig. 
[Col. J  ;  [ Middleton-in-T eesdale . ]  1910  :  260-7  [Col.  J . 

123.  -  1907-10.  The  natural  history  of  [Littondale,  Yorks.] 

1907:  342-53,  3  figs.  [Col.,  Lep.,  Mecop.,  Neur., 
Piecop.,  Trich.]  ;  [Spurn.]  1910:  341-5  [Col.,  Lep.]  ; 
[Kirby  Moorside.J  1910:399-407,  1  fig.  [Col.,  Dipt., 
Hym.,  Lep. ] . 

124.  - 1908.  An  excursion  to  Topcliffe,  Yorks.  279-85. 

[Col.] 

125.  -  1908.  Hornsea  :  its  mere  and  coastline.  302-10, 

2  figs.  [Neur.,  Piecop.,  Trich.] 

126.  -  1908.  On  the  fringe  of  the  Cleveland  Hills.  403-11, 

2  figs.  [Col.] 

127.  -  1908.  Clapham  :  its  geology  and  natural  history. 

429.-34,  2  figs.  [Lep.,  Neur.,  Piecop.,  Trich.] 

128.  Smith,  B.  M.  1896.  Yorkshire  Naturalists  at  Hackfall  and 

Tanfield.  189-96.  [Col.,  Lep.] 

129.  W Addington,  J.  1901.  Yorkshire  Naturalists  at  Wyke- 

ham,  near  Scarborough.  293-301.  [Col.,  Hym.,  Lep., 
Neur.,  Odon. ,  Piecop.,  Trich.] 

130.  Waite,  E.  R.  1889-92.  The  Yorkshire  Naturalists’  Union 

[at  Holmfirth.]  1889:  201-6  [Col.,  Dipt.,  Hem., 
Hym.,  Lep.,  Neur.,  Piecop.]  ;  [at  Harrogte. ]  1889: 
235-44  [Lep.]  ;  [at  Lowthorpe,  near  Driffield. ]  1890: 
203-9  [Lep.]  ;  [at  Bretton  Park.]  1890:  223-7  [Col., 
Hym.,  Lep.];  [at  Leckby  Carr.]  1891:  233-40,  1 
map  [Col.,  Lep.);  [at  Grassington.]  1891:  261-70, 
1  map  [Lep.,  Neur.,  Piecop.,  Trich.]  ;  [at  PI  ay  burn 
Wyke.]  1891:  283-95  [Col.,  Dipt.,  Lep.];  [on  the 
Wolds.]  1891:  299-306,  1  map  [Col.,  Lep.,  Orth.]; 
[in  Edlington  and  Wadworth  Woods.]  1891:  331-6, 
1  map  [Col.,  Lep.,  Orth.,  Trich.]  ;  [at  Horton-in- 
Ribblesdale.]  1892:  177-85,  1  map  [Lep.,  Piecop.]  ; 
[at  Rokeby.  1892:  205-15,  2  figs.  [Col.,  Lep.);  [at 
Penistone  and  Dunford  Bridge.]  1892:  254-9,  1  map 
[Lep.,  Neur.,  Trich.]  ;  [at  Coxwold  and  Byland.] 
1892:  34[3]-354,  1  map  [Col.,  Lep.,  Neur.,  Trich.]. 


13 1.  Watt  am,  W.  E.  L.  1912-20.  Yorkshire  Naturalists  [at 
Riccalh]  1912:  171-8,  2  figs.  [Lep.,  Trich.]  ;  at 
Bridlington.]  1912:  210-8,  1  fig.  [Lep.]  ;  [at  Tan¬ 
field.]  1912:  246-52  [Neur.,  Piecop.,  Trich.]  ;  [at 
Tebay. ]  1912:  274-8  Lep.]  ;  [at  Kirkby  Stephen.] 
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1913:  230-7  [Col.]  ;  [at  Burnsall.]  1913:  271-6  [Neur., 
Plecop.,  Trich. ]  ;  [at  Stamford  Bridge.]  1913:  299- 
304,  319-20,  1  pi.  [Col.]  ;  [at  Great  Ay  ton.]  1913: 
323-31,  2  figs.  [Col. ,  Lep.]  ;  [at  Knaresborough.  ] 
1914:  179-88,  2  pis.  [Col.,  Hym.,  Lep.,  Plecop.]  ;  [at 
Filey.]  1914:  221-5,  253_6,  1  pi.  [Hym.,  Plecop., 
Trich.  J  ;  [atAskrigg. ]  1914:  275-80  [Col.]  ;  [in  Esk- 
dale.]  1914:  317-24  [Col.,  Lep.]  ;  [at  Settle.]  1915: 
258-62  [Hym.]  ;  [at  Hambleton  near  Selby.]  1915: 
263-6,  286-91,  2  figs.  [Col.,  Lep.,  Neur.,  Odon., 
Plecop.,  Trich.]  ;  [at  Saltburn.]  1915:  334-7,  365-8, 
1  fig.  [Col.]  ;  [at  Malton.]  1916:  231-6,  265-6,  1  fig. 
[Col.  ]  ;  [at  Bolton  Woods]  1916:  267-70,  293-4 
[Col.]  ;  [at  Wentbridge.]  1916:  327-9  [Lep.]  ;  [at 
Barnard  Castle.]  1918:  227-31  [Col.,  Dipt.,  Hym., 
Lep.]  ;  [at  Coxwold.]  1919:  206-10,  1  fig.  [Col., 
Dipt.,  Hem.,  Hym.]  ;  [at  Ryhill.J  1919:  271-3  [Col., 
Dipt.,  Hym.,  Lep.]  ;  [at  Hawes.]  1919:  303-8  [Col., 
Dipt.,  Odon.]  ;  [at  Pateley  Bridge.]  1919:  308-10 
[Dipt.,  Hym.,  Lep.,  Odon.]  ;  [at  Skipton.]  1920: 
183-8  [Col.,  Dipt.,  Hym.]  ;  [at  Reeth.]  1920:  253-8 
[Col.,  Dipt.]  ;  [at  Martin  Beck  Wood,  near  Don¬ 
caster.]  1920:  259-62  [Col.,  Dipt.,  Hem.,  Hym., 
Neur.,  Odon.,  Trich.]. 

132.  -  1915.  Natural  history  of  Sawley  and  Eavestone, 

near  Ripon.  205-8,  231-7,  1  fig.  [Col.] 

133.  -  1915.  Naturalists  at  Hebden  Bridge.  292-7.  [Dipt., 

Hym.,  Lep.]. 

134.  WoodheaD',  T.  W.  1912-20.  Yorkshire  Naturalists  [at 

Askham.]  1912:  253-8  [Col.,  Mecop.  ;  [at  Settle.] 
1918:  329-33  [Dipt.,  Lep.,  Odon.]  ;  [at  Beverley.] 
1920:  389-95,  1  %.  [Dipt.]. 

135.  Woodruffe-Peacock,  E.  A.  1895.  The  Yorkshire  and 

Lincolnshire  Naturalists’  Unions  at  Broughton  Wood 
and  Twigmoor  Gullery.  229-37,  1  fig.,  1  map.  [Col., 
Lep.] 

136.  -  1895-1902.  Lincolnshire  Naturalists  [at  Sleaford.] 

1895:  313-5  [Lep.]  ;  [at  Market  Rasen.  1896:  n-6 
[Lep.]  ;  [at  Bourne.]  1896:  293-8  [Lep.  ;  [at  Great 
Cotes.]  1896:  367-72  [Col.,  Dipt.,  Lep.]  ;  [in  the 
Gainsborough  neighbourhood.]  1897:  253-6  [Col., 
Hem.]  ;  [at  Frampton  and  Wyberton  Fitties.]  1897: 
355-60  [Col.,  Dipt.,  Hem.,  Hym.,  Lep.,  Mecop., 
Orth.]  ;  [at  Linwood  Warren.]  1898:  49-51  [Col., 
Hem.,  Hym.,  Lep.,  Orth.]  ;  [at  Grantham.]  1898: 
241-5,  1  fig.  [Col.,  Lep.]  ;  [in  the  Isle  of  Axholme.] 
1898:  335-40  [Col.,  Lep.]  ;  [at  Woodhall  Spa  and 
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Tumby  Woods.]  1899:  65,-8  [Col.,  Dipt.,  Hem., 
Hym.,  Lep.]  ;  [at  Hartsholme.]  1899:  285-7  [Col., 
Hem.,  Hym.,  Lep.]  ;  [at  Somercotes  and  Saltfleetby.] 
1900:  75-9  [Col.,  Dipt.,  Hem.,  Hym.,  Lep.,  Mecop., 
Odon.]  ;  [at  Frieston.]  1900:  141-4  [Col.,  Dipt., 
Hem.,  Hym.]  ;  [at  Lin  wood  Warren.]  1900:  273-6 
[Col.,  Dipt.,  Hem.,  Hym.,  Mecop.]  ;  [at  Horncastle. ] 
1901:  51-5  [Dipt.,  Hem.,  Hym.,  Lep.,  Odon.]  ;  [at 
Torksey.]  1902:  133-8  [Col.,  Dipt.,  Hem.,  Hym., 
Lep.,  Mecop.,  Odon.,  Orth.]  ;  [at  Revesby.]  1902: 
145-8  [Lep.]  ;  [at  Spalding.]  1902:  189-91  [Col., 
Hem.,  Hym,,  Orth.]  ;  [at  Scunthorpe.]  1902:  375-80 
[Col. ,  Dipt.,  Hym.,  Lep.,  Odon.]. 

137.  - 1897.  The  Lincolnshire  Naturalists’  Union  at  Hol- 

beck,  Somersby,  and  Tetford.  317-24.  [Dipt.,  Hem.] 

138.  -  1900-01 .  Naturalists  [at  Newark.]  1900:  117-24 

[Col.,  Dipt.,  Hem.,  Hym.,  Lep.,  Neur.,  Odon.]  ;  [at 
Lincoln.]  1900:  247-52,  1  fig.  [Col.,  Hem.,  Lep.]  ; 
[in  south  Lincolnshire.]  1901:  257-60,  1  fig.  [Hem., 
Lep.]. 

139.  W - ,  H.  E.  1908.  Yorkshire  Naturalists  at  Hampole. 

380-4.  [Col.,  Neur.,  Trich.] 

Yorkshire  Naturalists’  Union.  Entomological 
Section  :  Reports  of  Meetings. 

140.  Bayford,  E.  G.  1913*  Yorkshire  entomologists.  422. 

[Col.,  Lep.,  Orth.] 

141.  Hincks,  W.  D.  1928.  Y.N.U.:  entomological  section.  126- 

7.  [Col.,  Dipt.,  Hem.,  Hym.,  Lep.] 

142.  - —  1929.  Yorkshire  entomology,  1928.  125.  [Col., 

Dipt.,  Hym.,  Lep.,  Plecop.] 

143.  - —  1930.  Y.N.U.:  entomological  section.  27.  [Col., 

Hem.,  Hym.,  Lep.,  Orth.,  Plecop.,  Psocop.] 

144.  Kitchen,  T.  B. ,  and  Hincks,  W.  D.  1925.  Entomological 

section.  49-51.  [Col.,  Dipt.,  Hem.,  Hym.,  Lep., 
Neur.,  Trich.] 

145.  — * - -  1926.  Entomological  section  of  Y.N.U.  21-2.  [Col., 

Collem.,  Dipt.,  Hem.,  Hym.,  Lep.,  Orth.,  Trich.] 

146.  - —  1926.  Yorkshire  Naturalists’  Union:  entomological 

section.  358-9.  [Col.,  Dipt.,  Hem.,  Hym.,  Lep., 
Orth.  ] 

147.  Morley,'  B.  1915-18.  Yorkshire  entomology  [in  1914.]  1915: 

105-8  [Col.,  Dipt.,  Hym.,  Lep.,  Orth.,  Plecop.]  ; 
[in  1916.]  1917:  77-9  [Col.,  Hem.,  Lep.]  ;  [in  1917.] 
1918:  97-8  [Col.,  Hym.,  Lep.,  Odon.]. 
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-  1916-24.  Yorkshire  Naturalists’  Union:  entomo¬ 
logical  section.  1916:  75-6  [ Lep . ]  ;  1922:  78-9  [Col., 
Dipt.,  Hem.,  Hym.,  Lep.].  1923:  13-4  [Col.,  Dipt., 
Hem.,  Hym.,  Lep.]  ;  1924:  21-2  [Col.,  Hym.,  Lep., 
Neur.,  Orth.]. 

149.  — - -  1921.  Yorkshire  Naturalists’  Union.  Entomologi¬ 

cal  section.  30-1.  [Col.,  Dipt.,  Hym.,  Lep.] 

150.  Whitaker,  A.,  and  Bayford,  E.  G.  1912.  Yorkshire 

entomology  in  1911.  55-6.  [Col.,  Lep.] 

151.  Wriggles  worth,  E.  B.  1882.  Report  of  the  entomological 

section.  Yorkshire  Naturalists’ Union.  1881.  7:  127- 
63.  [Col.,  Lep., 'Orth. ] 

Yorkshire  Naturalists’  Union  :  Annual  Reports. 

Beginning  with  the  forty-eighth  report  of  1909,  the  annual 
reports  of  the  Yorkshire  Naturalists’  Union  are  published  in  the 
Naturalist  of  each  succeeding  year.  The  entomological  sections 
of  these  reports  are  summarised  below. 

152.  1910:  50-4  [Col.,  Hym.,  Lep.,  Neur.,  Odon.,  Trich. ]  ; 

1911:  51-6  [Col.,  Hem.,  Hym.,  Lep.,  Neur.,  Plecop., 
Trich."]  ;  1972:  23-5  [Col.,  Hem.,  Lep.,  Neur., 

Odon.,  Plecop.,  Trich.]  ;  1913:  81-3  [Col.,  Dipt., 
Hym.,  Lep.]  ;  1914:  30-2  [Col.,  Hym.,  Lep.,  Neur., 
Orth.]  ;  1915:  40-2  [Col.,  Dipt.,  Hym.,  Lep.,  Neur., 
Orth.,  Plecop.]  ;  1916:  39-41  [Col.,  Dipt.,  Hem., 
Hym.,  Lep.]  ;  1917:  41-2  [Dipt.,  Hym.,  Lep.]  ; 

7918:  40-3  [Dipt.,  Hem.,  Hym.,  Lep.]  ;  1919:  39-41 
[Cob,  Dipt.,  Hym.,  Lep.,  Neur.,  Trich.]  ;  1920:  42-3 
[Col.,  Hym.,  Lep.,  Neur.,  Odon.,  Plecop.];  1921: 
41-3  [Col.,  Dipt.,  Hym.,  Lep.,  Trich.]  ;  1922:  42-3 
[Col.,  Dipt.,  Hym.,  Lep.,  Neur.,  Odon.]  ;  1923: 
38-41  [Col.,  Dipt.,  Hem.,  Hym.,  Lep.,  Neur., 
Trich.]  ;  1924:  57-9  [Col.,  Dipt.,  Hem.,  Hym.,  Lep., 
Neur.]  ;  1925:  59-61  [Col.,  Dipt.,  Hym.,  Lep.,  Neur., 
Trich.]  ;  1926:  54-7  [Col.,  Dipt.,  Lep.,  Neur.,  Odon., 
Trich.];  1927:  115-9  [Col.,  Dipt.,  Hym.,  Lep., 
Neur.,  Odon.,  Plecop.,  Psocop.]  ;  1928:  123-5  [Cob, 
Lep.,  Hym.],  150  [Dipt.,  Hem.,  Psocop.];  1929: 
88-90  [Cob,  Dipt.,  Hem.,  Hym.,  Neur.,  Orth., 
Psocop.]  ;  1030:  85-7  [Cob,  Dipt.,  Hem.,  Hym., 
Psocop.] . 
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